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this index is designed to facilitate your ready reference 
to all advertising in this issue for a specific type of mate 
rial, component, part, or finish in which you are particu 
larly interested. Most advertising for a specific product will 


be found in its appropriate Design Digest section but 
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Splines E38, E42 
3 F 36 
2, E60 
6, G40 


Springs 24, F2 
Sprockets E30-31, E42, E49, ES 
Stampings D28, F3 
Steel 
Alloy B18-19 22, B27, B33, 133 
Carbon B22, B28 
Coated B25 
Electrical B22 
Stainless B18-19, B22 
Textured 
Too! 
Strainers 
Strip, Metallic B20-21, B22, B34 
C40. DPD?‘ 
Strip, Nonmetallic C38 
Structural Forms & Shapes B20 
21, B22, D24 
Studs G30, G40, G4! 
Switches 136, 143, 182, 153, J 
Systems, Aerial Electric H3 


T 


Tables Dial-Feed 
lags 

Tape Metallic 

Tapes, Insulating (see 
Templates 
Terminals & 


Insulatior 


Termina Boards 
[27 36 

Ihermistors 
Thermostats 
| mers 
Timing Motors 
Tir 
litanium 
Tools, Machine Wrenches 
Torque Converters (see Couplings 
Tracing Cloth Als 
Tracing Paper l A22. A 
lransformers 12 I 
Transmissions 2 E26, E3 
E48, Ef 
Tubing 

Flexible Meta 

Lock-Seam 

Plastic 

Rubber 

Seamless 

Welded 


en 
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TRADE NAMES USED IN ADVERTISEMENTS IN THIS ISSUE 


i} 
AMMUTPU ULLAL 


The following list of trade names 
products in or related to the field of product design has been The intention 
prepared from advertisements in this issue 
tended as a complete directory of trade names, but is pub 


lished as a service to the reader, 
manufacturer's name when only a 


mentioned in advertising in this issue 


for obvious reasons have not attempted to determine a 


AL Allegheny Ludlum Steel Corp 
ARP Allied Research Products, Inc 
ASCO Automatic Switch Co 
ACADIA Western Felt Works 
ACIPCO American Cast Iron Pipe Co 
ACME Keystone Bolt & Nut Corp 


AEROPAK Aero Research Instrument Co., 


Inc 

AGASTAT AGA Div., Elastic Stop Nut Corp 
of America 

AICO American Insulator Corp 

AIRFLEX The Falk Corporation 

ALCOA Aluminum Co. of America (Screw 
Machine Stock 

ALEMITE Stewart Warner Corp. Alemite 

ALLENAIR Allen Co., A. K. 

ALL-MOTOR The Falk Corp 

AMSCO American Manganese Steel Div 
American Brake Shoe Co. 

ARMASTEEL Central Foundry Div. Gen 
eral Motors Corp 

AUTO-KLEAN Cuno Engineering Corp 

AXIOHM Ward Leonard Electric Co 


B&P Brooks & Perkins, Inc 

B-W Borg-Warner Corp 

BALCO Driver Co., Wilbur B 
BANC-LOK Boots Aircraft Nut Corp 
BEAD-BELT Voland & Sons 
BONDMASTER Rubber & Asbestos Corp 
BOST-BRONZ Boston Gear Works 


C/R Chicago Rawhide Mfg. Co 
CK Farmer Electric Products Co., Inc 
CTC Cambridge Thermionic Corp 
CAMBION Cambridge Thermionic Corp 
CIRCLE ESS F. W. Stewart Corp 
COBANIC Wilbur B. Driver Co 
CONDULET Crouse-Hinds Co 
CONE-DRIVE Michigan Tool Co., Cone 
Drive Gears Div 
CONPOR Chicago Rawhide Mfg. Co 
CONTROLAIR Westinghouse Air Brake 
Co., Industrial Products Div 
COPYFLEX Chas. Bruning Co., Inc 
COUNTROL Veeder-Root Inc 
CREST-LOK Set Screw & Mfg. Co 
C-THRU C-Thru Ruler Co. 
CUPROCHROME Wilbur B. Driver Co 
CUPRON Wilbur B. Driver Co 


16 


purported trade name 
is known. The editors 


manufacturers and 


1s 
This is not in 


use in locating the 


D 


DACRON E. |. du Pont de Nemours & Co 
(Inc. 

DESTACO Detroit Stamping Co 

DIALCO Dialight Corp 

DIAMOND H Hart Mfg. Co 

DISCOHM Ward Leonard Electric Co 

DISC-PAC Johnson Machine Co., Carlyle 

DISCPAK Chiksan Co. 

DOT United-Carr Fastener 
Fastener Co., Div. 

DUAL-LOCK Simmons Fastener Corporation 

DUOCARB Wilbur B. Driver Co 

DURAN CLAD Masland Duraleather Co 

DURA-SEAL Durametallic Corp 

DYNA-LINE Guardian Products Corp 


Corp., Carr 


E-i Electrical Industries Div.. Philips 

ELASTOMERS DuPont de Nemours & Co 
Inc., E. | 

ELECTRO-FLUID Link-Belt Co 

ESCO Electro Switch Corp 

ESNA Elastic Stop Nut Corp. of America 

EVANOHM Wilbur B. Driver Corp 


FLANCO Anchor Coupling Co. Inc 
FLEX-HEAD National Screw & Mfg. Co 
FLEXIDYNE Dodge Mfg. Corp 
FLEXPIPE American Metal Hose Branch 
American Brass Co 
FLEXPRINT Sanders Associates, Inc 
FLO-KLEAN Cuno Engineering Corp 
FLO LINE Hanna Engineering Works 
FLO PILOT Hanna Engineering Works 
FLO SET Hanna Engineering Works 
FUSIONWELD Avon Tube Div., Higbie Mfg 
Co 


G 


G-E General Electric Co 

G.S. Gear Specialties, Inc 

GEAR-GRIP Guardian Products Corp 

GEARMOTOR Foote Bros. Gear & Ma 
chine Corp 

GEARMOTORS Link-Belt Co 

GIBSILOY Gibson Electric Co 

GRAPHALLOY Graphite Metallizing Corp 

GRIPCO Grip Nut Co 

GRIPMASTER George Walker Co 

GUSHER The Ruthman Machinery Co 


immediately apparent 


manufacturer's right to the exclusive use of any such name 
list only trade names shown in the 
advertisements that differ from the firm name. It was deemed 
unnecessary to include a trade name that is the same as a 


company name inasmuch as the manuiacturers identity ts 


Addresses can be obtained from the 


advertisements which are indexed beginning on page I4 


H 


H-E Morse Chain Company—A Borg-War 
ner Industry 

H-K The Holo-Krome Screw Corp 

HELIARC Linde Air Products Co. A Di 
vision of Union Carbide Corp 

HEYCO Heyman Mfg. Co. 

HINGE-LOCK Simmons Fastener Corp 

HOZ-FAS-NERS Eaton Mfg. Co,. Reliance 
Div 

HYDROFORMING Teiner Co., Inc. Roland 

HYDRO-SHEAVE Twin Disc Clutch Co 
Hydraulic Div. 

HYGRADE Foote Bros. Gear & Machine 
Corp 

HYPALON E. I. du Pont de Nemours & 
Co. (Inc 

HY-VO Morse Chain Co—A Borg-Warner 
Industry 


1-S Instrument Specialties Co., Inc 
IN-LINE Link-Belt Co 

INSUROK Richardson Co 

IPC International Packings Corp 
IRIDITE Allied Research Products, Inc 


JOHNSONITE Johnson Rubber Co 
JONES Hewitt-Robbins Inc 
Products 


Industrial 


KEPS Eaton Mfg. Co., Reliance Div 


LIMITORQUE Philadelphia Gear Works 
Inc 

LINE-O-MOTOR Foote Bros. Gear & Ma 
chine Corp 

LINE-O-POWER Foote Bros. Gear & Ma 
chine Corp. 

LINK-LOCK Simmons Fastener Corp 

LION Southco Div., South Chester Corp 

LOGANSQUARE Logansport Machine Co 
Inc 


LOK-THRED National Screw & Mfg. Co 
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These cards will bring you 


¢ additional information on 


all Advertised Products 
e copies of Catalogs and Bulletins 


listed in this Digest 


promptly, 
conveniently 


How to use cards: 


Every advertisement is numbered, 
every bulletin coded by letter pre- 


fix and number 


In each case, key number appears 
at the bottom of advertisement or 


description of bulletin 


Just circle key number that cor- 


responds (not page number 


First print your name, title, ad- 
dress and company name before 


mauing 


Now piease turn ¢ 


make your selections. We do the 
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onli 


M 


MPB Miniature Precision Bearings, Inc 
MAC-IRON Mack Iron Works Co 
MAGNOCARB Wilbur B. Driver Corp 
MARSDEN Russell Burdsall G Ward Bolt 
& Nut Co 
MARSHALLOY Marsh Instrument Co 
MASTERGAUGE Marsh Instrument Co 
MAXI-POWER Foote Bros. Gear & Ma 
chine Corp 
MAXITORQ Johnson Machine Co.. Carlyle 
MECHANIPAK The Garlock Packing Co 
MICRO New Hampshire Ball Bearings, Inc 
MICRO-KLEAN Cuno Engineering Corp 
MICROPOT The George W. Borg., Borg 
Equipment Div 
MICRO-WEAVE The Holliston Mills. Inc 
MINI-JOINTS Falcon Machine & Tool Co 
Inc 
MODIFIED HILO Wilbur B. Driver Co 
MONOBALL Southwest Products Co 
MORLIFE Rockford Clutch Div., Borg-War 
ner Corp 
MOTODRIVE Reeves Pulley Co. Div.. Re 
liance Electric and Engineering Co 
MOTOGEARS Link-Belt Company 
MOTOREDUCERS The Falk Corporation 
MOYNO Robbins & Myers. Inc 


N 


NTC Keystone Carbon Co 

NEOPRENE E. |. du Pont de 
Co., Inc 

NOPAK Galland-Henning Mfg. Cc 

NU-CUP Set Screw & Mfg. Co 


Nemours G 


.e) 


OILITE Amplex Div.. Chrysler Corp 
ONE-SIDE-FLAT Reynolds Metals Co.. Rey 
nolds Aluminum Fabricating Service 


ORCO Ohio Rubber Co 


P 

P & B Potter G&G Brumfield Inc.. American 
Machine & Foundry Co 

PE Precision Extrusions, Inc 

P-K Parker-Kalon Div.. General American 
Transportation Corp 

PAL Palnut Co 

PAMARCO Paper Machinery G&G Research 


Inc 
PARALLEL Link-Belt Co 
PEL-X The Holliston Mills, Inc 
PEMA-TORQ Combridge Thermionic Corp 
PERMOCARB Wilbur B. Driver Co 
PERMAGRID Wilbur B. Driver Co 
PFV Link-Belt Co 
PHENOLITE National Vulcanized Fibre Co 
PHILLIE GEAR Philadelphia Gear Works 
Inc 
P.1.V. Link-Belt Company 
PLACE National Screw & Mfg. Co 
PLAGOHM Ward Leonard Electric Co 
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PLASTICORD Chester Cable Corp 
PLASTICOTE Chester Cable Corp 
PLEXIGLAS Rohm G&G Haas Co 
Div. 
PLYMASTER Rubber & Asbestos Corp 
POINT-LOK Set Screw & Mfg. Co 
POLIOCARB Wilbur B. Driver Co 
PORO-KLEAN Cuno Engineering Corp 
POWERMITE Tuthill Pump Co 
PROMAL Link-Belt Co 
PUSHNUT Palnut Co 


Plastics 


+ 


QD Worthington Corp 
QUICKEY United-Carr Fastener Corp 
QUICK-LOCK Simmons Fastener Corp 
QWIK-JOINT Guardian Products Corp 


Multi-V-Drive 


R&M Robbins G Myers. Inc 

RB&W Russell, Burdsall G Ward Bolt and 
Nut Co 

RADIOCARB Wilbur B. Driver Co 

RATIOMOTOR Boston Gear Works 

RECALIBRATOR Marsh Instrument C 

REDUCTOR Boston Gear Works 

RIBLEX Ward Leonard Electric Co 

RIGITHANE Thiokol Chemical Corp 

RIVNUTS 8B. F. Goodrich Co 

RODAR Wilbur B. Driver Co 

ROLLPIN Elastic Stop Nut Corp. of America 

ROTAC Excello Corp 

ROTO-FLEX Gits Bros. Mfg. Co 

ROTO-LOCK Simmons Fastener Corp 

RZEPPA Gear Grinding Machine Co., Joint 
Div 


SEALTITE American 
American Brass Co 
SELFUBE Keystone Carbon Co 
SERVE-A-UNIT Alden Products Co 
SETCO Set Screw & Mfg. Co 
SHAFT-MOUNTED Link-Belt Co 
SHEF-SEAL Mil'er Fluid Power Div 
Reedy Corp 
SIGMA Linde Co., Div. Union Carbide Corp 
SIRVIS Chicago Rawhide Mfg. Co 
SOL-A-NUT United-Carr Fastener 
Carr Fastener Co. Div 
SPACE AGE Coors Porcelain Co 
SPACEMAKER Tomkins-Johnson Co 
SPIN-LOCK National Screw & Mfg. Co 
SPIN-LOCK Russell, Burdsall G Ward Bolt 
G Nut Co 
SPIN-SEAL Russell 
G&G Nut Co 
SPIROL CEM. Co 
SPRINGTITES Eaton Mfg. Co 
Div 
STEELFLEX The Falk Corp 
STEMCO Stevens Mfg. Co., Inc 
STRIPOHM Ward Leonard Electric Cc 
SUPER AUTO-KLEAN Cuno 
Corp 


Metal Hose Branch 


Flick 


Corp 


Burdsall G Ward Bolt 


Reliance 


Engineering 


1958 


SUPERMET Globe Industries, Inc 
Div 

SUPER-TORK Set Screw & Mfg. Ci 

SW Stewart Warner Corp. Alemite 

SYLVALOY Wilbur 8 Driver Cc 


Supermet 


T-J Tomkins-Johnson Cc 


TEFLON E. |. du Pont de Nemours G C 
Inc 

TEFLON Miller Fluid Power Diy Flick 
Reedy Corp 

TENSILOCK Russell, Burdsall G Ward Bolt 
& Nut Co 


TENSITE Wilbur B. Driver Ce 
THINSTRIP Somers Brass C In 
TOPHET A Wilbur B. Driver C 
TOPHET C Wilbur B. Driver Cx 
TUFF-TITE National Screw G Mfg. ¢ 


U 


UNIGRAIN Somers Brass C Inc 


UNIONARC Linde C Div. Union Carbid 
Corp 

UNIONMELT Linde C Div. Union Car 
bide Corp 


UNITITE Hanna Engineering Works 
USS COR-TEN United States Stee! C 
USS MAN-TEN United States Steel Core 
USS T-1 United States Stee! Corp 

USS TRI-TEN United States St Cor 


Vv 
VARI-MOUNT Foote Bros. Gear and Ma 
chine Corp 
VITROHM Ward Leonard Electric ¢ 
w 


WV Worcester Valve C 

WEDGE-ROLL Hilliard Cor, 

WEIRKOTE Weirton Steel C Div 
tional Steel Corp 

WEIRZIN Weirton Steel ¢ 
Steel Corg 

WESPO West Point Mfe C 


X-L Excelsior Leather Washer Mite. C 
XLO Excello Corp 


ZIiP-GRIP Set Screw G Mtz. C 
ZYTEL Dupont de 
E | 


Nemours G C 


Milsco Contour Seat 


with Body-Form Design Increases 
Drivers Stamina, Eficiency 


Step up the man-hour factor 
of your equij: nent with job-fitted 
Milseo Contour cushion seating 
Body-Form” design is a Milsco 
exclusive, the result of many years 
experience, research, design and 
manufacture of heavy duty 
seating for all types of mobile 
equipment. Write us about your 
seating problem 


i only to Original 
nt Manufacturers 


America’s 
Leading 
Contour 


Seat 2756 N. 33rd St 
Designers ESTABLISHED 1924 Milwaukee, Wis 


CIRCLE 201 READER SERVICE CARD 





that will withstand 


2000°F 





Available in outside diam 
eters of .04 to .32 


One or more wires insulated 
with a pure mineral swagec 
into a metal tube 


Can be sharply bent 


Sheath can be welded with 
out loss of insulation 


Available in a variety ol 
sheath metals with therm 
couples and other wire ma 
terials 


Complete thermocouple 
probes available using thi 





material made to your re 
quirements 


WRITE FOR BULLETIN M-1 
INSTRUMENT COMPANY, INC. 


315 NO. ABERDEEN STREET, CHICAGO 7, ILLINOIS 


Scles Representatives throughout the United States and Canada 


USE 
THE 
READERS 
SERVICE 


CARD 
on pages 18 & 19 


for: 
additional product 


information 
copies of catalogs 


& bulletins 
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DYNnEe xX offers complete 
high pressure hydraulic circuits! 


CIRCUIT SIZE 


* for industrial and mobile applications 


MAXIMUM - — 
PRESSURE Power Pumps @ 1800 rpm Relief Valves Directional Valves 


by PF 3003 © VR 3108 VD 4103 (0-3 gpm) 
: ~ . VM 3506 (0-6 ) 
3000 psi oe (2.6 gpm) gpm 


a — PF 3006 © vr 9103 <i VM 6506(0-10 gpm) 
(4.1 gpm) VM 6106(0-8 gpm) 


VD 4103 (0-3 gpm) 
© 


es . 
2 PF 4004 =| VM 3506(0-6 gpm) 
«] (2.1 gpm @ 1200 rpm) ' VM 6506(0-10 gpm) 
VM 6106(0-8 gpm) 


VM 3506(0-6 gpm) 
VM 6506(0-10gpm) 
VM 6106(0-8 gpm) 


PF 6006 VM 6506(0-10 gpm) 


(4.2 gpm) . VM 6106(0-8 gpm) 


PF 3016 <r, VM 6512(0-légpm) 


(10.9 gpm) VM 6520(0-30gpm) 


VM 6506(0-10 gpm) 


PF 6011 


(7.9 gpm) VM 6512(0-16 gpm 


VM 6520 (0-30 gpm) 


VM 6512(0-16 gpm) 
VM 6520(0-30gpm) 


PF 6015 > CAS. VM 6512(0-16gpm) 
(10.5 gpm) ; 
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VM 6520(0-30gpm) 


pF 6033 


(21.5 gpm) VM 6520(0-30 gpm) 


(VE All pumps have split flow feature 
“eae to provide two or more separate 
circuits. Write for engineering data 


sheets on the above circuits and ® AN AFFILIATE OF BLACKHAWE MFG. CO 


components. 
777 DYNEX DRIVE, PEWAUKEE, WISCONSIN, DEPT. A58) 
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| PACKED 


Full 


vere 


ns PREFO 


Ning 
Rms 


SILVER BRAZING 


with PREFORMS 


in one complete 16 poge book 
sll the letest information on how to 


ncrease production, save time with braz 


Complete information on 
NO-TANGLE NOTCH COIL RINGS 
_ how , they provide new efficiency 
and new economies in 
handling alloys 


Helps you select the proper 
PREFORM for the job. Contains 
chorts that illustrate the type joint, 
recommended PREFORM and 
simple ordering data. 


eT ee 
EDGEWOUND AND BLANKED 
WASHERS, ond silver brazing and 
soldering alloys available. 


Helps you get quick, accurate 
PS Me ee 
tables for all commonly 
used alloys 


SEND FOR FREE COPY TODAY! 


hucas 
Miwa UPT 


ENGINEERING 


COMPANY 


5053 South Lake Drive, Cudahy, Wis 


CIRCLE 205 READER SERVICE CARD 


| (M-4) Circular Slide Rule 





Catalogs 


and 
Bulletins 





lo obtain copies of literature 
de S¢ ribe d be lou » C1F¢ le corre- 
sponding number on readei 
service card, 


| (M-1) Ratings 
Bulletin FB-77, 48 pp. Correlates 


Pressure-temperature 


and summarizes ASA pressure piping 
and ASME boiler and pressure ves 
codes along wit! 

tions and limitations of each 
Solves basic code formulas 
transpositions for min wall 
pressure min pressure-stress 
max allowable working pressure 
allowable stress and nominal 
Babcock & Wilcox Cx 
Tubular Products Division, 3839 


st Milwauk 16, W 


thickness 


(M-2) Electronic Work Center—Br 
chure, 6 pp. Describes components 
and equipment included in packaged 
electrical-electronic work lab. Gives 


Alden 
Main St 


| detailed listing and prices 
é 
Products Co., 1] N 


Brockton 64, Mass 


(M-3) 


Catalog, 28 pp 


Miniature Thermocouples 


Describes four basic 
designs with illustrations, application 
data, gasket sizes, lead and terminal 
| information. Gives specifications ol 
the four basic designs of miniature 


thermocouples. Thermo Electric Co 


| Inc Saddle Brook, N. J 


Pocket 
size calculator performs simple calcu 
lations. Multiplies, divides and propor 
tions. With instructions. Free. General 
Industrial Co., 5738 N. Elston A 


Chicago 30 


(M-5) In-line Digital Indicator 

alog 51-1800, 11 pp. Describes, gives 
background, features and operating 
details. Supplemented with diagrams 
of the in-line digital indicator. Fischer 
& Porter Co 627 Jacksonville Rd 


Hatboro Penna 


Catalogs and Bulletins continued 


(M-6) Observation Windows— Bul! 
tin 8-E, 4 pp. Specs and parts num 


vers for glass ind plastic window 


models. Discusses  teatures app 


tions installation, pressure and 


ipcratur©re mits of observation w 


lows. Bijur Lt 
le Park, N. J 


yricating Corp., Roc! 


(M-7) SPE 
Summarizes 


Brochure 


activities Tale 


Prospectus 
‘Oo pp 
benefits of society. Includes applic 
tion form. Society of Plastics Eng 
neers Inc 34 I Putnam A\ 


Greenwich, Conn 


(M-8) Low-temperature Conversions 


> 


Pocket-size tables, 2 pp. Converts 
gegrees Celsius to degrees Fahrenheit 
nd Kelvin from absolute zero to 0 
Sales Dept | 


Burlington, Mas 


Technical 


nics, Inc 


(M-9) 


og 400) S 


Temperature Controls 


yp. Describes 


PI 
standard types and mode! 
mounted and remote 
Contains 


re controls 


each, limitations 


Specifications 
form of the more 
standard types of temperature controls 
Electric Controls Co 79 
School St Watertown 72, Mass 


United 


Materials 
Outlines wa 


(M-10) Reproduction 
Booklet, 12 pp 
drafting room reproduction 
can provide shortcuts and 
Graphic Reproduction Div 


Kodak Co., Rochester, N. Y 


(M-11) Stationary Tachometers—Bb 
letin 795, 4 pp. Gives features 
operational data on tachomet 
permanent mounting on 
Standard speed ranges 
Presents dimensional 
engineering diagrams 
Sticht Co., Inc 


York City 


(M-12) 
Equipment 


Engineering 
{( atalog 


Department 


mensions and other specs or 


i 


units, drawing eference 


ill ty pes ol dratting and drav 
equipment and accessories. Function 
operation and construction of 
are described. Stacor | quipm 


Newark 


> 


295 Emmet St., 


Jersey 
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Charies L. Tutt Jr. 


General Motors Institute 


Industrial report 


preparation 


and evaluation 


Industrial reports assist management by presenting factual information about operat- 
ing and product design problems. It is essential that such reports be prepared in a 
uniform manner and be complete, concise, and accurate. Experience has led to the 
development of specifications which maintain uniformity in their preparation and 
final make-up. Questions have been developed which serve to evaluate the report as 


to its technical content and logical presentation of this content. 


INbt STRIAI licate the pu pose ind I ed Current data can be obtained in 
wavs. In a technical report, dat 
be derived from test reports 

ybservations of a device under con 
trolled conditions, or a mathematic 
ysis. Non-technical reports must 
yn surveys, questionnaires 
il analvses 
value of a report depends upor 
ilidity, accuracy, and soundness 
data which supports any con 
findings, or problem solt 
s Ihe value of the data n turt 
lependent upon the time spent 
yreparing and setting specifications as 
how it must be obtained. It ts 
essential, therefore, that the writer 
n industrial report have 
published mater e Knowledge of how similar 


books or m 


ns have been handled 


he writer ist , 
rh g e Ability to acquire 
, 


locating 


iSSIENe< 


e Knowledge of information 
ces both within and outside th 
ranization 

e Ability to subject the problem 1 
tical and analytical thinking 


memory of how similar problems ha 
e Ability to put together fact and 


handled in the past provide 
background to obtain the data reasoning into readable and under 


Ud 


in ustrial report standable English 
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5 





rechnical Evaluation Report Evaluation 
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TOTAL REPORT 
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CONCLUSIONS 
Are conclusion 4 
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SPECIFICATIONS FOR UNIFORM dations precede those that are specific EVALUATION OF INDUSTRIAL REPORTS 
REPORT PRESENTATION Each specific conclusion, 1 


I ecommer nce an industrial report is com 


, , ‘ hs dation, or finding should be keves ) i > important job of evaluatin 
has ' yuk eECeSS ti pic e import iuating 


the substantiating data in the ma : besins. An 


ons that no evaluation shou 


; ' ; " > » 1 ' t ’ ~ 
SCUSSION OF | report. Page ret > to determine first the compl 
ences may be made or the conclusions ss and accuracy of the content 


ecommendations, or findings m then to evaluate the report 
grouped under headings correspondit id logically organized presenta 
the sections making up the ma of the development of the conte 
ission of the report. In an Evaluating reports becomes 


CONCIUSIONS 


recommendat ting « recor em when attempting 


main. disc t ‘ ee ' ' - ; consistently hi leve 


therefore 

to assist 

uniform evaluation 
These guidelines 


the report and 


report s 
State the 
purpos 


elation 


CONCLUSION 


port is 
information o 
communic 
ng emphasis 
mmarize use, recording 
Appendix. n a oft ustrial reports 
eeded to I t ‘ta ! Dn e il further 
othe pertinent forma ground 
Conclusions, recommendations or quired fot > development 


findings. int iCtic : llowe in discussion of the rep« 


ONS 


no concl ) I { 
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Optical Projectors 
FOR ENGINEERING, RESEARCH, DEVELOPMENT 


JACK STOLP, c, 


PROJECTOR ILLUMINATION SYSTEMS 
I 


OPTICAL PROJECTOR 


K 


MAGNIFICATION VALUES 


Copyright 1958 by McGraw-Hill Publishing Company 
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x id 62.5X% magnifica 


es to measure 
C A O.OOL work 

fied 31.25 times 

4125 in. or 1/32 In 

fied 62.5 times, the 
would be U 0625 

f nese fractional in 
directly measured 

steel rule Such 

valuable when 

rye layout tor! 


oordinants are 


selection for 

in the lower 
XK 0X SOX 

re these sizes 
} value If much scale 
be done, then the 
hy li kh | led 


ite) mcmMded 


PROJECTOR ACCURACY 


reference line 
I ttin it the screen 1s 
0.005 A 10X lens 


vork piece de 


to 0.00U5 tin 
mpre iS magnification 
x s would give a 

yf 0.00002 

P tical considerations 
to about 0.0001 


| ccuracy applies to 
t vement using 
chn ts on the table 
en image to 

f point 
mparison Sel 
to a previously drawn 


r th r ‘ 


iccuracy is less 


Horizontal beam projector. 





A good optical lens will have a dis 
tortion error of about 0.000 to 0.003 
in. at the screen. Assuming an image 
set error on the screen of 0.003 in 
then the maximum screen deviation 
will be 0.006 in. Again, this error is 


reduced in proportion to the magn 





hcation. At 20X, for example, dev 

tion at the workpiece would be 
0.0003 in. Also, special chart out 
lines principally microgage d 
bridge line types, will reduce the 


nitial screen deviation 


PROJECTOR CHARTS 


4 selection of charts is import 


n realizing maximum versatility and 
measurement capabilities trom a pro- 
jector. Table I shows several chart 
materials. Standard harts | 
centerline, microgage, toolroon and 


combination lines 


. =>) 
j \S 
iS 
< 


Fig. 2—Vertical beam projector. 


Of maximum use is the toolroon 
chart. It contains grid lines in half ot 
the circular screen; concentric circles 
and angled lines in the other half 
All of these lines, 


adit are plainly dimensioned so the 


gl 


ids angles ana 
dimensions can be read directly 
icross any shadow which is super 
mposed over the chart lines 

A full grid line chart permits plac 
ng a sheet of coordinate dimensior 
‘raph paper over any image which is 
examined and checking the dimer 


sion and coordinate dimensions t 


ny point over the image 
TYPES OF MEASUREMENT 


Five forms of measurement are 


sossipie (see 


panel it right) These 


measurement by comparison 


Table I—Materials for Projector Screen Charts 
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Application 


Points in Space — 
for intersections and 
centerlines for arcs, holes, 
vees, corner relief and 
outside corner radu 


Developed Curve 





Photoelastic 
Stress 
Analysis 


Slopes 
or 
Tange nts 


Curve Shape or Ou 





Direct 
Measurement 





Measurement 
—_—_ 




















OPTICAL Horizontal projection Horizontal projec- | Horizontal projection Horizontal projection Horizontal project 
SYSTEM tion or vertical beam or vertical beam 
SUGGESTED 10X, 20X, 31.25X, 50X 10X 20X, 31.25X, 50X 10X, 20X 10X, 20X, 31.25X, 
MAGNIFICATION 50X 
TYPE OF Measurement by move Observation or by | Horizontal and verti- | By comparison to | Tochart outline or 
MEASUREMENT ment comparison to grid | cal increments deter- chart outline grid chart 
chart mine slope 
RECOMMENDED Centerline chart or tool Plain chart or grid Centerline chart Custom chart, gage of | Custom chart, gage 
CHART room chart chart proper magnitude grid chart 
AUXILIARY Series VI and Tracer fixture, h 
EQUIPMENT Series VIII Pola- zontal or vertical 
Screen 
ADVANTAGES Permits dimensioning to | Large screen image | Slope can be meas Irregular curves can Difficult-to-reach ¢ 
non-physical points. Per of colored stress | ured over small slope be measured lines can be measu 


mits centers to be estab 


patterns 


increments 


Curve can be recor 





lished on large arcs Slope coordinates can against grid coore 
be measured in 0.0001 ates 
in. units 
LIMITATIONS Chart screen must be cen- Plastic models Single view of curve Curve length at 
tered so centerline inter- must be scaled to length limited to lens setting limited 





section coincides with 
mechanical center of 
screen rotation 


1'% in. or less 


field 


viewing 
length 


of extended 


tracer head mover 
Multiple views permit 4to 24 




















Application 


Venturi Nozzle 

lepth, diameter, 

length contour of 
nozzle 


Angles 





In One Plane by 


Compound 





Protractor 


Tangent Bar 


Edge ~] 


Ss 






































OPTICAL Horizontal projection for dia, | Horizontal projection, | Horizontal projection, | Horizontal projection Horizont: 
SYSTEM vertical beam for depth; vertical beam, surface | vertical beam, surface 
either for contour illumination illumination 
SUGGESTED Depth A — 50X 10X 10X, 20X, 31.25X 10X 10X 
MAGNIFICATION Dia D — 20X, 50X 
Contour C — 20X, 31.25X 
TYPE OF Measurements by focus for | With protractor ring Coordinate measure Protractor ring Protracto 
MEASUREMENT A ment by movement 
Tracer fixture for C 
Measurement by movement 
or comparison for D 
RECOMMENDED Centerline chart for A and D | Centerline or toolroom | Centerline chart Centerline chart Centerlin 
CHART Custom chart or grid chart chart 
for C 
AUXILIARY Tracer fixture for C Interpose 
EQUIPMENT 
ADVANTAGES Section contour and other | Angles measured di- | Obtain angle between | Direct and complete | Direct a 
dimensions obtained without | rectly any two points. measurement of two | measurer 
sectioning and destroying the | Can check incremental Measure angle over | plane components of com- plane co 
workpiece and cumulative angles | very short length pound angle compoun 
No need to judge point Permits direct measure- 
of contact of straight ment of compound angle 
edge 
LIMITATIONS Measure by focus for A only | Accuracy of two to | Accuracy of two to five | Must focus up and down | Requires 
accurate to 0.0005 to 0.002 in. | three minutes minutes edge interpose 
Tracer probe only suitable 
above »¢ in. venturi diameter 
a 








neering, research and development 





i Curves 





» or Outline 





Tracing for 





Stress Patterns 
in glass and 
giass-inserts 


Prototype 


Photocopy) ing 


permanent engineering record 
of image and observed sample 



















































































rent Reproduction assembles Wear Contact print Ca ta 7 
— 
pjection Horizontal projection or ver- | Horizontal projection Horizontal projection, | Horizontal projection or surface | Horizontal projection or surfac 
im tical beam vertical beam, surface | illumination illumination 
illumination 
25X, 10X 10X 10X, 20X, 31.25X% Depends on workpiece inspection Depends on workpiece inspect 
50X 
ne or to Actual curve is projected to | Observation or by | Measurement by | Paper held flat against screen Regular camera used with | h 
screen comparison to a grid | movement, orcompar- | Exposure by illumination of pro and white or color film 
Tracing paper laid over chart ison to grid chart or jector Exposure by illumination of pr 
screen shadow custom chart jector and extraneous light 
Coordinate points then plot- 
ted 
gage or Plain screen or coordinate | Plain screen or grid | Centerline screen or | Grid chart or custom chart Grid chart or custom chart 
chart chart grid chart or custom 
chart 
re, hori- Series VI and VIII Photo holder Camera, miniature 35 mm with 
tical Pola-Screen 1%, 2, twin lens or single lens reflex t 
and full wave retarda- ground glass back camera 
tion 
ach out- | Reproduction of desired | Large screen image of | Slight wear can be | Full scale point of image is | Camera can be loaded anywhere 
neasured | curve made from magnified | colored-stress patterns | very accurately meas obtained No need for darkened room at i 
recorded | coordinate. Photocopy of im- | Insert position can be | ured Direct print is available with inter projector 
coordin- age curve can be made di- simultaneously check- Wear slope can be ob mediate steps Various films available 
rectly on grid chart ed served and accurately Can include coordinate grid chart Light can be balanced betw 
Coordinate dimensions ara plotted for direct coordinate reading from lighted screen areas and shadow 
automatically a part of re- print areas 
production Overlay charts can be used 
1 at one Color patterns are not Exposures increase as magnifica Exact scale is uncertain because of 
ited to of high contrast tion goes up camera minification 
lovement Photo holder must be darkroom 
loaded 
No controlled exposure in shadow 
area 
Exact scale uncertain because of 
processing effect 
a 
Auto-Collimation Calculations Inaccessible Faces 
Measurement of A—angles; B—trig. functions; measurement of outlines of square Cam 
Surface smal! angular deviation C—layout; D—triangles parts which are inaccessible to projection Performance 
: 
izontal projection Horizontal projection Horizontal projection Hofizontal projection Horizontal projection vertical beam or S 
surface illumination ti 
10X, 20X, 50X 10X 10X, 20X, 31.25X 10X, 20X, 31.25X, 50X l 
tractor ring Measurement by compar- Protractor ring or measure- Measurement by comparison or move Measurement by comparison; A- flat can M 
ison ment by comparison ment one position; B-flat cam, multiple posi 
tion; C-—3 dimensional cam; D—cam com ! 
parison with reticle master 
terline chart Grid chart Toolroom chart Centerline chart, grid chart or custom | Combined radius and angle chart Ce 
chart t 
‘rposer Crossline reticle Small pointer Foil-covered cardboard B — cam fixture; C and 
Small! mirror D — cam reticle fixture 
sct and complete Small angular deviations | Simple triangle calculations Imprints of sharp-face made into foil- Two dimensional positioning of polar cx S| 
surement of two indicated as linear units can be performed on screen covered cardboard. Imprint measured ordinates seen simultaneously on screen se 
le components of No probing required Screen surface used as lay- by projection Cam tolerance easily changed at any sex 3 
jpound surface No compound angle cal- | out surface Wear on flat cam or form tool outline | tor on periphery it 
culations required measured with part still assembled For D— high magnification can be used 
and cam size may be many times larger 
than lens field 
juires lens view of | Reticle holder required Accuracy only good to two | Accuracy of imprinted foil only good | A and B limited by lens field size oO 
rposer Maximum about two de- | places — estimate the third, | to about 0.001-0.002 in ot 
grees possible to measure | similar to a slide rule Face of part must be square and sharp I 
Ive 























Particle Size Interrupted Rotary 
Section Shape, plastic molding Form all irregular 
granules, dust é zered fins 
Blade Definition metal lasti ount on glass ‘ eet! Magnified 
rbines and t d plate, glass bead pire Motion 


nperfections in gl fort Stopping 








Vertical beam Horizontal 
vertical be« 
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10X, 20X 10X, 20X 10X 





Observation or measurement Measuremer 
by comparison or movement 
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Surface Inspection 





Hardness ] Part 
Tester Penetr 
Indentation Cracks ar 





Surface illumina Surf: 
tior tion 





$+ 


20X, 50X 20X 





Measurement by 


comparisor 











Hi-intensity unit Hi-intensity unit intens! init Hi 





Indentation meas- Particle penetra- Shape of crystal measured Deptt 

magnifica ured at distance tion observed by without touching it be approximated 
i can be observ from work many people Depth of deposit approxi- within 0.001-0.003 in 
ed by many people mated to 0.001-0.003 in with without touching car- 
out disturbing coati bon 





Part size limited | Magnification limited to | Observed area size 
to machine table 100X limited to lamp fila- 
clearance Darkened room recomended ment size, about %%4 x 
at 100X in 
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f ” American Standard Drafting Manual 


Drafting standard — projections 














This section of the Y14 standard includes recommended prac- Principal views. In th 
4 , : a tion the six views, top, front 
tices in the choice and arrangement of views; use of partial, alter- re hey epee 
nate, removed and revolved views; auxiliary views; conventional ranged as shown. In practice 
. ‘ those views should be draws 
breaks; rounded and filleted intersections; developments, and de- necessary to clearly portra’ 
scriptive geometry applications. 2) views should be selected 1 
as few hidden outlines DOS 
ind (3) part should be shows 
© ©] functioning position ur 
L difficulties o1 estrictior 
Top view shape make this im; 


Incomplete and auxiliary views. 
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m: American Welding Society Bulletin 


Nondestructive 


testing 
symbols 


Standard establishes the symbols for use on drawings to specify 


nondestructive tests for determining the soundness of materials. 


Basic testing symbols shall be: Radiographic, RT 
agnetic-particle, MT; penetrants, PT; ultrasonic, UT 


Elements of testing symbol that shall be used and that 





hall have standard locations with respect to each other 
are: Reference line, tail; Arrow, extent of test: Basic test- 


ing symbol, specification, process, or other reference; 





lest-all-around symbol; Number of tests, (N). The arrow 
shall connect the reference line to the part to be tested 
Side of the part to be tested, to which the arrow points 
shall be the arrow side of part. Side opposite the arrow side 


of the part shall be the other side. (Above right) 


Location of testing symbols shall be: (A) test to be 
made on the arrow side of part shall be indicated by 
test the symbol below the reference line: (B) tests to be 
made on the other side of part shall be indicated by 
symbol above the reference line; (C) tests to be made 
on both sides shall have test symbols above and below 
the reference line; (D) when symbols have no arrow or 
outside significance, the testing symbols shall be centered 
on the reference line. (Below right) 


Direction of radiation and the radiation source shall 
be shown in conjunction with radiographic testing symbol 
Location shall be indicated by a symbol at the desired 
source of radiation, connected, and oriented as necessary 


by dimensions. (Top next page) 





Prepared by AWS Committee on Nomenclature, Definitions and Symbols. Bulletir 
No. AWS A2.2-58 
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5.-Symbols, nondestructive testing and welding, (A), may 
be combined. (B) Non-destructive testing symbols may be 


combined. (Above) 


6.-Specifications, process, classificaton, or other references 
need not be used on testing symbols when testing pro 
jure is elsewhere prescribed. When used, however, the 


ceau 


reference shall be placed in the tail (Top right) 


Specifying section length to be tested, if only section 
length need be considered, (A), the length in inches ts 
shown to the right of the basic test symbol. (B) To show 
exact location of a section to be tested as well as length 


dimension lines are required. (Above right) 
8.-To specify number of tests to be taken at random 
number is shown in parenthesis above or below the basic 


symbol. (Middle right 


¥.-Tests to be made all around a part, the test-all-around 
symbol is used in conjunction with any other test 


fomation. (Lower right) 


10.-Tests of areas shall be indicated, when required as 
follows: (A) area represented as a plane on the drawing 
shall be enclosed by straight broken lines having a circle 
at each direction change. When necessary, enclosures 
shall be dimensioned. (B) areas of revolution shall be in- 
dicated by using the test-all-around symbol. Symbol at 
right indicates that the bore of the flange is to be mag 


netic-particle inspected for a distance of 3 in. from the 


face, all the way around. Left symbol indicates an area 


of revolution to receive radiographic examination where 


dimensions are not available on drawing. (Bottom right) 
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ASMI 


P iper 


Application 
of 
solar 


furnaces 


BY P. E. GLASER 


Arthur D. Little. Inc 


THI application of the solar furnace 
to materials testing requires a knowl 
edge of the methods and equipment 
used to carry out the physical prop 
Instruments used 


erties 


encountered 


to measure temperatures and heat 


flux are explained. Methods for meas- 
iring thermal conductivity, expansion 


ind heat content are described 


MEASUREMENT OF 
PHYSICAL VARIABLES 


remperature. Convetitional optical 
yvrometers measure only the tempera- 
black 


mpossible to 


ture of bodies, a condition 


duplicate with most 


mples heated in a solar furnace. A 

cently developed pyrometer permits 
temperature and emissivity to be de 
termined at the same time. Two 

diation detectors are incorporated in 
the pyrometer, each admitting a nat 
ow band of wave lengths. The sample 
viewed at two different temperatures 
nd the ratio of each detector reading 
permit both 


recorded The ratios 


mperatures to be derived irom 


Planck’s radiation law 4 shutter is 
ised with this instrument to separate 
tted and incident rays 
Heat flux. A high-radiation calorim 
ter, Fig. 1, is used to measure the 
it flux reaching the focal zone of 
the collecting mirror. Flux densities 
nd up to 4 10° btu/sq ft hr can 
recorded for extended 


thout 


periods 
deterioration The optical 
properties of the paraboloidal mirror 
auses a gaussian distribution in the 

it flux reaching the sample. This 
listribution can be measured with a 
idiometer designed to withstand the 
gh heat flux. The 0.1 cm dia of the 
rgy-receiving disk 
asurement of the flux distribution 
With these instruments and a pyr 


icliometer a solar 


Al4 


permits fine 


furnace may be 


calibrated by relating incoming ra- 


diation energy to the radiation flux 


at the focal zone. Sample exposures 
can, be obtained without the installa- 


tion of a calorimeter for each test 


MEASUREMENT OF 


THERMAL PROPERTIES 
Thermal Conductivity. Thermal con 


ductivity and diffusivity of poorly 
conducting material can be obtained 
by the analytical solution of heat con 
duction in a solid. Using this solution 
the temperature rise in a semi-infinite 
solid under the influence of a circular 
disk source with a uniform and con 


stant heat flux can be 


calculated 
These calculations are based on the 
assumption that thermal properties are 
independent of temperature 
Measuring the temperature rise 
along the disk axis permits thermal 
diffusivity to be calculated. Substitut 
ing this value in the original equation 
it the 


ture time and 


previously measured tempera 


position permits 
thermal conductivity to be calculated 
Thermal conductivity values obtained 
correspond to the temperature differ 
ence between the surface and the 

This differenc 


an be kept small by selecting a point 


point inside the body 

near the surface. Average diffusivity 

and conductivity values are obtained 

even when they show a weak depend 

ence on temperature 

Thermal Expansion. Heating a sample 
“ 


in a cavity type dilatometer, Fig 


ensures that most of the incident 


energy is captured. Temperature rises 
progressively as energy accumulates in 
the cavity: maximum values being lim 
ited by conductive losses through the 
walls and radiation through the cavity 
opening. Rate of heating can be closely 
controlled by the admission of a 
greater or smaller amount of energy 
Samples, in the form of rods up to 
two inches long, can be tested in a 
controlled atmosphere with a window 
closing the cavity opening. The center 
rod ts connected to a sensitive trans 
ducer to measure thermal expansion 
Heat Content. A combined unit con- 
sisting of a cavity furnace and aneroid 
drop calorimeter, Fig. 3. is used for 
heat content 


solar 


measurement in 


furnaces. The material is heated in 


the furnace and dropped into the 
heat 


content 


calorimeter where heat of fusion 
total heat 
measured The 


of transition and 
can be suspension 
wires holding the sample in the fur- 


nace may also act as a thermocouple 





REFERENCE 
With a Solar 
Research En 


Engineering Research 
Furnace” by P. I 
gineer Arthur D. Little, Inc. Presented 
it the ASME Annual Meeting, New York, 
N.Y December 1-6 1957 Paper No 


Glaser 


Calorimeter 


POCcers 


ak a 
‘. a’ 


\ 
w% 


ho nda 
/40, ~ lack boay™ ri 


Aperture yy “eceiver 
COON +~f 
Y 


possoges 


Aperture 
assembly 


Fig. 1—High-radiation flux, absolute, 


water cooled calorimeter. 


High 


retractory 





Fig. 2—Dilatometer for measurement of 


differential thermal expansion. 


M, for for rotating 


y co/ copper 
calorimeter 
uiside shield 


Knite-edge sup 


Fig. 3—High-temperature, aneroid calorim- 
eter for heat-content measurement. 
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From: Allis-Chalmers Electrical Review 


Curve fittin 


T. R. HOFFMAN 
Allis-Chalmers Mfg. Co 


Familiar equations and simple calculations increase the usefulness 


of empirical data and facilitate accurate graphical representation. 


Ni MERICAL data gathered from tests, the 


surveys, or observations are frequently 


best fit 


fitted to a curve. Raw data points 
seldom fall exactly on a familiar curve 
but deviate to some extent. The ob 
ject of curve fitting is to obtain a 
meaningful and useful representation 
by averaging out these variations 
Complex freehand curves are fre- 
quently used that pass through all of 
the raw data points or arbitrary 
straight lines are fitted by eye. This is 
a result of the belief that accurate To imsure accuracy and speed 
mathematical fitting of a curve Is too solving these equations a standard 
complex and time consuming ' 


form table may be used 
In many problems the relationship 

an be easily and accurately approxi 

mated by a straight line, exponential 

hyperbolic, parabolic, or logarithmic 

curve These simple relationships 

should be checked first. Other sets of 

data can be fitted by geometric means 

The following is a systematic approach 

to arithmetic and geometric curve 


fitting to some general formulas 


STRAIGHT LINE 


Some data are best approximated 
by a straight line; however, trying to 
valance the points by estimation may 
result in a significant error. Fitting 
straight lines mathematically is more 





accurate. The general formula for a 
straight line 1s 

} X 
where a and / are constants which 
specify a particular line. Since two 
constants must be determined, two 
equations are necessary By means of 


Fig. 1—Many types of data may be fitted to exponential 


calculus the following determining curves. A log-log slide rule provides an easy means of 


equations can be established to obtain calculating for the general formula } \ 
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Fig. 2—The hyperbola is a good curve to 
use for approximating the data of physical 





processes that approach a limit. 


[he best fitting curve form n 
not be known in advance when deter 
mining a and n; the calculations w 
automatically result in the proper 
and nm values for the best hitting cu 
of this type Equations to solve 


obtaining a and n are 


[To solve either set of equations 


For convenience a table is set 1) . . . > containing 
ee! » the 
record all computed values n the 

nen n computation, ad ; 
— Om _ ‘ (1) Substitute the values from the tions 


mns are added to the table into (A) and (B) Substitute the values trom the 


Divide (A) bv its coefficient table into the equations 

correlation R of log a. giving (A’). Divide Divide each factor in (A) 

|. The closer R ay (B) “ai on confiicions of log the coefficient of 4, thu 
the more accurately siving (B’) ting (A’) 

epresents the data. Correla > fc (B’) d } Divide e 


} ‘ 
Subtract from n 


Al Aa 


tion between 0.94 and 1.00 is normally solve for » the coefficient 
Substitute m into ind ting (B’) 


dpetween 5S and 0.94 indicates that solve for log a Subtract (B’) from 


noth iry I r addition lat 
« adit il ¢ Find 


considered satistactory correlations 


> h > leur 
the antilog ya and solve the resulting 
point ed I R is computed caietinntn « ond for a 
veneral equation Substitute this \v 


ho | . rough j 
orizontal line thre Compute the coefficient of and 


a negative 


yt th j . i bh 
tf the data would ¢ correlation 


resentation than the ¢ 
1 to fit the data HYPERBOLIC CURVES 


4 useful and easily calculated var GEOMETRIC CURVE SKETCHING 


EXPONENTIAL CURVES 
ation of the exponential equation 


Numerical data gathered may ofter 
, > annro : 
can be approxi the equilateral hyperbola that can 


; tt indicate that a complex curve is the 
Mas the eg moved but not rotated This elin dest representation A precise 
entat! prec 
n: Ss > sadv: age o beco ig 
rate the disad intage ol ccom may be fit to the data by geometric 
infinite at the axis bu il ‘tains th 
finite at the axis but still retair means without calculations, particu 
ind mag property of approaching a limit. Tw larly if the equation is not needed 
useful forms of this curve, Fig. 2, a! When 
c 


numerous curve deciding what curve is best 


mi: be re presente Y) ) suited to a set of data, a picture ol 
with this equatior \2 some curve is sketched. To assist in 
the origin or be- Iwo equations are ired lete sketching a curve to be used in f 


These char mine the constants ther study, some geometric techniques 


use of the curve Y} } , Fig. 3, can be applied to achieve re 


corresponding pat SY} sy} producibility and accuracy of 
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Plot the given on graph 
papel 

Label the points in order (A 
B, C, D, etc 

Draw a straight line between 
every other point (AC, Cl 
EG, BD, DF, etc.) 

At each of the given 
points construct vertical 
connecting both sets of straig 
lines 


(5) Indicate mid-potr 


r 


vertical lines 


Fig. 4—Many curves 
can be drawn through 
a set of points. The 
characteristics of the 
data being plotted de- 
termines the final 
curve selection. 
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I iz. 3—— Ff rec hand rveo- 
metric curve fitting is 
useful in representing 
data and insures dup 
licate fits by different 


mathematical analysis 


(6) Connect adjacent mid-points 


with straight lines 
(7) Using the straight 
geome\lric rulde 
sketch in a smooth 
[his procedure does not 
the curve outside of the s 
second-last points pecause tft 
does not tie down the ends 
curve near the extret 
The pull charac 
magnet are an eXampile 


can be fitted to sever 
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1 
Ouestion: At a glance, can you tell 


ree j= Catalogs 
TRACINGS and 
oe Bulletins 


j 





$$$ —— 











To obtain copies of literature 
described below, circle corre- 
sponding number on reader 
service card. 








(M-13) Tachometers—Booklet, 12 pp 


Discusses application of speed control 





to various industries. A series of di- 


mensioned line drawings illustrate 
Y 0 U 3 R E A L L e | G bs T | 7 | T S how units can be installed in different 
ipplications. Jones Motorola Corp 
(M-14) Oscillographic Recording 
Equipment—C atalog, 16 pp. Contains 


P.O. Box 825, Stamford, Conn 
Whichever way you figure it, Arkwright Tracing Cloths offer more descriptions, specs and prices of Se 








; ries-150 recording stems and accesso 
for your drafting dollars. Made to meet Government specifications, : Sua 
ries, and unit instruments. Illustrated 


. ‘ with > . MOS anhorn 
Arkwright’s superior surface is completely free of pinholes, coarse with schematics and phot Sanh« 


Co., Industrial Div., 175 Wyman St 
threads and other imperfections which cause feathering or blobbing. Waltham 54. Mass 


o, 


Its permanent transparency eliminates discoloring and brittleness . 
p Pp y g 


(M-15) Thermistor-probe Assemblies 
protects your drawings against the wear and tear of time and con- Brochure EM-13, 4 pp. Nine assem 

bles are described and eact S ident 
stant handling. fied by its most common applicatior 
With dimensions and mounting 
Even on the most detailed drawings, Arkwright’s perfect working rangements. Fenwal Electronics, Inc 

Mellen St., Framingham, Mass 
surface assures fast, accurate workmanship . . . provides crisp, clean 
(M-16) Optics Plus—Publication 
pp Volume | No l of house Orgal 


reproductions. In the simple drawing above, the pans are of equal 
dimensions. reports on activities of the Engine 
and Optical Div., including mis 
‘ f | tracking svstems sun te 

Be sure . . . use the tracing cloth ckINn - 7 
& | scope-camera ind optics for 
with the blue line . . . Arkwright. é satellite-tracking and similar project 
. Perkin-Elmer Corp., Norwalk, Cor 
Write for trial samples today. 
Arkwright Finishing Co., Industrial (M-17) Temperature Controls 

loe MC-1S5S6A 4 pp Ni 

Bank Building, Providence, R. |. pes of controls are desc! 

rature and current ratings are g 


ill models. Fenwal. Inc 


ARKWRIGHT ee 


(M-18) Drafting Machine—Bulletin 


— 
L, , WY, 2 pp. Describes machine and how it 
dé hac CZ is used. Charts standard modes for 


) 


boards from 30 x 42 to 48 96 in 


AMERICA’S STANDARD FOR OVER 35 YEARS Gideine Corp., 300 S. Potomac St 


Waynesboro, Penna 
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SAVE DRAFTING TIME WITH 


PRE-PRINTED 


Basic standards are pre-printed on 
your sheets in black for desired 
reproduction and in blue for 
optional reproduction. 


Here Is Your Finished Drawing 
Quickly rendered to scale with 
accurate blue grid lines to guide you. 
Notice how the optional pre-print 


areas have been used. y 


Here Is Your Finished Print 





Write, Wire or Phone Today 
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PHOTO REPORT: 


WHERE 
AND HOW TO 
USE 


FELT AND 
NON-WOVENS 


Felters’ Cut Part serves as combip 
gasket, dust and light shield for 
on Plymouth Pushbutton Shift S| 


Felters’ range of non-woven and felted-type fabrics 
offer wide combinations of characteristics not found 
in any other material 


These fabrics can be made tough, stiff or dense, as 
required. Also water repellent, flameproof, and moth 
and mildewproof. Ideal for absorptive wicking and 
filtering applications 


Synthetics, too, are giving non-wovens new uses and 
properties, particularly in smoothness, abrasion 
resistance, and long life 

Free Design Book gives technical Call on Felters for all types of felt and non-woven 


data on design properties, special 
treatments and selection. Send for fabrics, including special treatments, impregnations 


OUT COPY and fiber mixes. 


Molded 
felt insert 


Felt 
cylinder 


AllFab is a special Felters’ non-woven Felt Pads (Prelubricated) prolong Hi-Fi Sets Use Felt in a number of 
fabr Has thermoplastic resin binder bearing life! Special tests show that oil places. Record changer drawers slide 
and can be electronically stitched, saturated felt rings provide a built-in on aluminum channel with molded in 
sealed and embossed. Available in “slow bleeding’’ action to lubricate feit insert. This provides light compres 
wide range of fiber combinations in bearings. Functions over wide temper- sion fit, eliminates resonant metal-to- 
thicknesses from Y.6" to 1” and more ature range at speeds up to 10,000 metal contact, absorbs vibration and 
Used for backing, filling, and plumping rpm, without excessive starting fric insures smooth action. Special felt 

vailable with synthetic mixes such as tion at low temperature or poor stabil lined piston legs eliminate floor vibra- 
Or with varying degrees of ft.’ ity at high temperature tion which affects performance. 


the FELTERS company 


259 SOUTH ST., BOSTON 11, MASS. 


Pioneer producers of Felt and Felt Products 


A20 CIRCLE 208 READER SERVICE CARD Product Engineering — Design Digest |s 


c 
> 





GENERAL ENGINEERING | a 


Hamilton drafting tables save time, space...increase 


productivity—interlocking plan files protect drawings, keep 


them instantly at hand 


Hamilton drafting equipment — tables and plan files in wood or steel — help th 
man-on-the-board do more work — faster, more accurately, with less fatigue 


Auto-Shift tables, with reference and storage area L-Contour tables | 
behind each draftsman, put six men to work in space draftsmen who nee 
normally required by four. Two simple controls adjust ind storage desk t 
board position instantly, effortlessly insure 





Four-Post tables, in wood and steel, offer complete range Unit System ste: 

of economical tables for every drafting room need ing them according 
Available in a range of top sizes with numerous tool designed interlocking 
reference, supply and file drawer combinations exclusive tracing lif 


FREE CATALOG 


WORLD LEADER IN PROFESSIONAL AND SCIENTIFIC EQUIPMENT 


gives yr 
Hamilton drafting equipment For 
omplete details and free planning hel; 
ee your nearby Hamilton De 
rite Hamilton Manuf 

Two Rivers, Wis 
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Catalogs and Bulletins continued 


(M-19) Semi-pneumatic and _ Solid 
lires—Bulletin 714, 20 pp. Describes 
and illustrates tires for all types of 
wheel goods. Discusses features and 
considerations involved in selecting 

" proper tire for given application 
OOD Tables of sizes, treads, and cross-sec- 
tions are included. Ohio Rubber Co., 

Willoughby, Ohio 


(M-20) Digital-Strain-Gage Indicator 

Brochure, 4 pp. includes schematic 
diagram to show that shunting effect 
across tranducer bridge is always the 
same regardless of position of follow 
up potentiometer. Suggests applica- 
tions. Text discusses how this instru 
ment, when supplied with an analog 
to-digital shaft converter, becomes 
the heart of a multi-channel automat 
ic digital recording system. Datran 
Electronics, 1836 Rosecrans Ave 
Manhattan Beach, Calif 


(M-21) Standard Templates—Cata- 
log, 8 pp. Illustrated list of templates 
that represent over 200 components 
for jigs and fixtures—in full scale 
the Northwestern Tools, Inc., 117 Hollier 
convincing answer in a practical test of Ave., Dayton 3, Ohio 


Holliston’s Pel-X and Micro-Weave Tracing inbicintiy Mein iin tat, 
Cloths log sheet 32CA110, 2 pp. Explains 


Let your drawing board provide 


operation and construction of unit 


Why not turn to your advantage a Includes cross-section view of the 
: : comparator. Fischer & Porter Co., 
quality of tracing cloth that not only ac” cdi Ud. tees 
equals all others in normal workability Penna 
in man articulars is definitel 
but in YP Y (M-23) Optical Parts—Catalog L-117 


“better.” 16 


parts, including lenses, prisms and re 


pp. Describes unmounted optical 


\ watts eerevcent 


“tice oS’ The ultimate test is your own drawing flectors. One section describes quartz 


nd other special optical parts. Each 
board. You can prove to yourself, as 

oid > have so many draftsmen all over the tems by catalog number. Several out 

Kc \ ‘ a lines help research and manufacturing 
{ MiroWeave \ country, that Holliston MICRO-WEAVE 


\ faiacine coorw —jin white or blue for ink or pencil— lems. Price list included. Bausch & 
\e Lomb Optical Co., Rochester 2, New 


Nenneme’’ and Holliston PEL-X—water repellent York 
finish— are rated as the BEST.” 


section has tables for ordering stock 


“<98 OH 


engineers describe their optical prob 


(M-24) Color Coding—kKit. Supplies 
materials and information necessary 
Write for generous samples—today! to design a _ color-coding system 
wherever identification of products or 
containers is desirable. Includes a 


THE HOLLISTON MILLS. INC. sage chart, gummed color sam 


ples colors are available giving a 


NORWOOD, MASS. possible 153 combinations in a one 
NEW YORK e PHILADELPHIA @ CHICAGO and two-color code svstem. Crown 


Micro-Weave and Pel-X are backed by Holliston’s 50 years of leadership Industrial Products Co., Dept. PEN 
and experience in developing special cloths for industry 1001 Amsterdam St.. Woodstock. Illi 


nos 
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More Operator Conveniences. Modern Copyfley 


Faster M 


1! rea 


rinting widths 


and aggravation 
tuipment? Modern Copy 


fheiency, pays for 


> ‘ 
: t 
] advantages. see if 


get ( Opy flex? 


up to 54” to simplify feedi: 
ngs, tacilitate n ultiple feedings Extr 
automatic separation, automat 

ir delivery 


rk. 


echanical Speeds. New models offer sharp 


1 7, 
speed 


up to 30% faster than before 





(BRUNING 
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your equipmel t with 


further speed 
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Sharp, Uniform Prints. LD 


Send for Your Free Copy! 


Charles Bruning Company, tnc., Dept 
1800 Central Rd., Mount Prospect, III. 
Offices in Principal U.S. Cities 

In Canada: 105 Church Street, T to! 


Please send me the booklet 


n on the Copyflex 


informati i 
Name 

Company 

Address 


City ‘ . Zone State 
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Take any One 


of these three books 


FREE 


with your first selection and 


charter membership in the 








COMPRESSED AIR HANDBOOK 
Publisher's Price: $8.00 
or 
METALS PROPERTIES 
Publisher's Price: $11.00 
or 


TOOL ENGINEERS HANDBOOK 
Publisher's Price: $15.00 

















THIS COUPON WORTH UP TO $15.00 





Mail to: The McGraw-Hill Mechanical Engineers’ Book Club 
330 West 42nd Street, New York 36, N.Y P.O. Box 97 


2 the Mest 
FREE the 
n checked be 


you do nothing; the box 
iailed to you. If you wa 


| 

| 

| 

| 

| 

| 

| 

| 

mate selection or if y Compressed Air Handbook Professional Engineer's Exar 

10 book at all for that tw r ‘ ination Questions and Answers | 

period, you notify the Cl : | 

turning the form and postag ; , l 
nvelope which is alwavs ¢ 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 


ir Bulletis 


Metals Propertie 


‘ : Heat Transmission 
Tool Engineers Handbook H. McAda 
to agree only t uf , ~~ : ' 
three hooks i \ " Contracts, Specifications and En 
tainly out of the large numbe 
books in your field offered yo 

ve months there wi 


en i 
Mechanism gineering Relations 


. M 
$ 

Piping Handbook 
= ( « m t undamentals Vibrat 
Analysis { 


ou would Du 3 


By joining the Club 


Dynamics of Machinery 
in cost, about 15 ~~ 


@s Ha 
$ ( 
the publishers 


I Principles of Metal Casting Formulas for Stress and Strai 
K H P r 


R sR 


urd W j 
R ‘ P 
How the Club operates. The ¢ Oo eed send no money now 
describe all forthcoming sele taking advantage of this specia Name Please Print 
ns to you. Every second month troductory offer you will receive 
SS rect re ft chars utely FREE a copy of the 
Mechanic ineers’ Boo mpressed fir Handbook or 
Bulletin. This gives complet ‘ Properties, or the Too 
ince notice of the next mair ’ ' Handbook together 
ection as well as a number of I our first selection—at the 
rnate selections. All books ar pecial club price. So mail the 
ted | qualified editors and coupon foday\ 


Address 


City 
8 


! 
| 
| 
| 
| 
| 
the ma | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 





guarantee 
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FREE FREE FREE FREE | FREE 


—a 
: : 
“ 


Special Introductory Offer TO NEW CHARTER MEMBERS ® 


‘Which FREE book do you want 


to start your membership in McGraw-Hill’s 











Industrial Management and Engineering Book Club? 


FREE FREE FREE FREE FREE 


4 
‘| ake any theo of these outstanding books—take one COUPON —worth |: f  COUPON—worth 2 $17.50 2 f  COUPON—worth 2 $17.50 2 


FREE and one as your first se Jection with your Charter 
Membership in the Industrial Management and Engineer- 


Mail Entire Coupon to 
McGraw-Hill Industrial Management and 
Book Club. The Mc 8 é 
k ul Engineering Book Club 
330 West 42nd Street, New York 36, N. Y., P. O. Box 
Charter Membe trial 


ou 
ing 


ew 
i Engines g Book 


Substantial Savings 


the ¢ that 
ir Bulletin Y 

1 ‘ } 
I Bulletin 


ask 
ase of three 

ere are 

y in any case t 


Broad-Gauge Coverage Act Now! 
Every effort . have the 


: 2 
— t offer now, y et PLEASE PRINT 
How “the Club ics ates less than the regular rice . ‘ 
} e free While tl ffer , 
The Sades ‘trial Ma anagement ‘and Engl r 
neering Book Club Bu ‘ile tin t today! 


< NO-RISK GUARANTEE "=" S25 Son's 


ship will be can ' 
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N A | bl | FREE! Catalogs and Bulletins continued 
OW Val a e! * (M-25) Templates—Catalog 60, 12 


pp. Photos and descriptions of the 91 


A [ NEW | ALVIN templates now available. An index 
lists the templates by number and 
READY REFERENCE category. Catalog is divided into seven 
CHART WITH sections: electrical, ellipses, mechani- 
cal engineering, general, architectural, 
DECIMAL TABLE processing, and miscellaneous. Rap- 


idesign, Inc., Box 429, Burbank, Calif 


te 


7 —_— , . 
7 CONVENIENT * tre, Here's o fully illustrated reference chart (M-26) Indicating, Recording, Con- 
tz howin mplete Alvin line for engineers ° . 

AS A TACK-ON oa | | Sone aoe Ne tg go trolling Thermometers Catalog 


draftsmen, architects, etc. includes a handy 


n drower 


a See Alvin's complete line at your tangular, case-filled system thermo 
» 


F cal oe cima r all or fil < 
\ WALL CHART Kerns " Decimal Chart. Easy to tack on wall or file C60-2. 56 pp Describes line of rec- 
. t 
._~~ 


ee 
dealer or write for Alvin Ready Refer- 


ence Chart TODAY! meters. Gives design features, operat 


No matter how PRECISION DESIGNED ing principles, specs and individual 
you figure it QUALITY INSTRUMENTS listings for thermometers and acces 
+ THE RIGHT PRICE sory items. Industrial Div., Minnea 


polis-Honeywell Regulator Co., Wayne 
ind Windrim Ave., Philadelphia 44 





er. Circle-Master 
am 





Slide Rule 
22-P $4.95 Ret . . 
' (M-27) Acceleration Test Machine 
Mechanica! Bulletin S-1, 6 pp. Describes G-test 

Leed Pointe cas 
No. $000 $1.75 Ret ng, as required by MIL-E-5272A, in 
cluding models available, perform 
 —— ance specs, operational-performance 
© MEASURING DEVICES features. With cutaway illustration 


_ 


“QUALITY AT THE RIGHT PRICE” Rucker Co., 4374 San Pablo Ave., 


ALVIN & co., Inc. Oakland, Calif 


Windsor, Connecticut 
CIRCLE 212 READER SERVICE CARD (M-28) Fluid-flow-Rate Alarms—Bul 


letin 165, 4 pp. Alarms for signaling 














or simple control functions are de 
scribed Magnetic or electronic types 
are available. Specs and operating de 
tails are given. Brooks Rotameter Co 


Lansdale, Penna 


(M-29) Testing Instruments—C ataloe 
58, 12 pp. Contains brief descriptions 
and illustrations of 50 units, which 
include testing and calibration instru 
ments. Custom Scientfic Instruments 
Inc., Kearney, N. J 


(M-30) Total Temperature Probes 
Bulletin 25721, 20 pp. General de 
scription is followed by descriptions 
of specific models. Outline, mounting 
and electrical-connection drawings 
diagrams of the sensing element, and 
performance charts and curves. Rose 
mount Engineering Co., 9424 Lyndale 
Ave., S., Minneapolis 20 


(M-31) Subminiature Calibration Sys- 
tem—Bulletin BBU-A, 2 pp. De- 
scribes and illustrates system for use 
with strain gages, accelerometers or 
resistance-type transducers to control 


balance and automatically calibrate 


“4 
tl} linjtiiriy 0 24 transducer channels Specs 
HARTFORD, oman. Gea are given. B&F Instruments, Inc., 

$732 N. Broad St., Philadelphia 41 
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Fig. 1—Effect of temperature on the tensile Fig. 2—Effect of temperature on the strength- 


strength of several elevated temperature materials. weight ratio of elevated-temperature materials. 


From: Titanium Metallurgy Co 


H. R. OGDEN Battelle Memorial Institute 


Titanium at temperature 


Mechanical properties, thermal stability, oxidation and contamination resistance 


of titanium. Titanium and titanium alloys are equal to stainless steels at 800-1 000F. 


THE primary uses of titanium and 
titanium alloys are in applications in- 
volving elevated temperatures where 
both strength and density are impor- 
tant. To evaluate the material it must 
be compared with other elevated-tem- 
perature materials. Fig. 1 sbows the 
elevated-temperature tensile strengths 
of some representative materials 

Unalloyed titanium and an alumi- 
num alloy have equivalent strengths 
up to about 300 | Above 300 F. 
titanium is stronger. [itanium alloys 
have strengths equal to or better than 
stainless steels and the superalloy 
(S-816) at temperatures up to 800- 
1000 F. In this same range, very high 
found for the heat 
treated steels (17-7 PH) 


When density is considered along 


Strengths are 


> 


with strength, Fig. 2, titanium alloys 
are superior to stainless steels and su- 
peralloys at temperatures up to about 
1000 F, being surpassed by only the 
high-strength, heat-treated steels. The 
new heat-treatable titanium alloys 
have strength-weight properties slightly 


greater than the heat-treated steels. 


B2 


Above 1000 F, the strengths of 
titanium alloys drop off rapidly. Tita 
nium and its alloys can be considered 
as useful materials at temperatures up 
to about 800-1000 F. Other considera 
tions, including creep properties and 
thermal stability, limit the useful tem 


perature to 600-800 |] 


EFFECT OF ALLOYING 


Using tensile strength as a criterion 
the effect of selected alpha stabilizers 
on elevated-temperature properties is 
shown in Fig. 3. The interstitial ele 
ments, carbon, oxygen, and nitrogen 
raise room temperature strength con 
siderably, but their effectiveness de 
creases with increasing temperature 
Aluminum and tin, however, maintain 
their strengthening effects at temper: 
tures up to 1000 F. 

Upper limits for alpha solutes are 
about 6 to 8% aluminum and 18 to 
20% tin. Above 8% aluminum, the < 
loys are diffiult to fabricate and ha 
low room-temperature ductility 

rensile strengths as a function 
temperature for several alpha-beta ; 


loys containing single beta additions 
ire shown in Fig. 4. Although there 
is sOme variation in strength depend- 
ing upon the alloying addition, all of 
the additions provide a substantial 
strength increase, almost doubling the 
strength of unalloyed titanium. There 
s probably a limiting strength con 
taining single alloying additions of 
about 120,000 psi at room tempera- 
ture. Combining the strengthening ef 
fects ol alpha and beta solutes, Fig 
produces the high-strength alloy. 
Substantial strength 
elevated temperature are 


increases atl 
obtainable 
by heat treatments of the quench and 
age type. Fig. 6 shows the effect of 
heat treatment and quench 


CREEP AND STRESS RUPTURE 


Although tensile properties are im- 
portant when considering strengths of 
materials, the ability of a material to 
withstand stresses over a long period 
of time is generally more important 
for elevated-temperature applications. 
Both the amount of deformation 
(creep) and the time to fracture are 
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Fig. 3—Effect of 


important considerations for 
structural parts made from titanium 

Stress rupture curves for unalloyed 
titanium are shown in Fig. 7. At room 
temperature and 800 F, the time to 
tracture 
stress. However, in the intermediate 
temperature range (400 F), the curve 
is almost horizontal 

At low and high temperatures, con 


design 


decreases with increasing 


siderable creep occurs below the yield 
strength. In the intermediate range, 
most of the creep occurs as first-stage 
creep with a very low secondary creep 
rate resulting in 1% creep strength for 
10 and 1000 hours, being about the 
same as the yield strength of tita- 
nium. This may be attributed to: 1) 
a strain aging behavior in this range; 
or 2) a change in the mode of de- 
formation which prevents creep 


temperature On 
strength of various alpha titanium alloys. 


the tensile 


ELASTIC MODULUS 


The modulus of elasticity of tita 
nium is low compared to structural 
steels and superalloys. Fig. 8 shows 
the effect of temperature on the 
modulus of several titanium alloys 
In general, the modulus decreases al 
most linearly with temperature 


THERMAL EXPANSION 


[he coefficients of thermal expan 
sion for titanium and titanium alloys 
are between about 5 and 6 in./in./F 
x 10° between room temperature and 
800 F. Thus, in heating titanium from 
room temperature to 600 F the ex 
pansion is about 0.003 in./in. These 
values are about the same or slightly 
lower than the coefficients of thermal 
expansion {for 


most high-strength 


steels in the same temperature range 








Fig. 4—Effect of temperature on the strength of 
titanium containing a single beta stabilizer. 


FATIGUE CHARACTERISTICS 


Since titanium alloys are being used 
in structural applications subject to 
vibration as well as dynamic stresses 
the fatigue characteristics are impor 
tant. Some data on experimental al 
loys are shown in Fig. 9. The un 
notched fatigue strength of the Ti-3 
Mn complex alloy decreases with 


increasing temperature, maintaining 


an endurance ratio of about 0.5 
These data were obtained in bending 

A modified Goodman diagram fo! 
the Ti-4Al-4Mn alloy has been re 
ported for temperatures from 321 
to 600 F. This is shown in Fig. 10 
Although based on limited data, It in 
dicates that the fatigue strength of 
this alloy 


slightly 


in complete stress reversal 
greater than 50 of the 


static life of the titanium 
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Fig. 5—Temperature on the strength of alloys con- 
taining alpha, beta, and combinations of stabilizers. 


temperature 
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Fig. 6—Effect of heat treatment on the elevated- 


Ti-6Al1-4V alloy 
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Fig. 7—Stress-rupture curves for unalloyed tita- 
nium at various temperatures and time periods. 


THERMAL STABILITY 


[hermal stability is the ability of 
an alloy to maintain an initial set of 
mechanical properties during service 
at elevated temperatures. Any changes 
in mechanical properties that occur 
during service are reflections of the 
reactions that occur within the metal 
or between the metal and its environ- 
ment. Chief causes of instability are 
beta-phase decomposition; oxygen and 
hydrogen contamination and precipi- 
tation in alpha alloys 
Beta-phase decomposition. 
mation of beta to omega or alpha at 


| ransfor- 


low temperatures causes hardening 
and embrittlement. To prevent this, 
annealing processes or heat treatments 
have been designed to enrich the beta- 
phase sufficiently to prevent rejection 
of omega or alpha at temperatures 


Oxygen contamination, Contamination 


* le NSi/e2 Strength of moteria 
used in fatigue fests 





of the surface of titanium alloys by 
oxygen diffusion does not appear to 
be a problem in the service tempera- 
ture range. At temperatures of 800 F 
and below the rate of diffusion of 
oxygen into titanium is negligible 
At 1000 F or higher, however, oxy- 
gen contamination can be a possible 
source of instability. Samples tested at 
room temperature without removing 
the contaminated surface layer 
showed a large loss in ductility. Prob- 
able cause is that the hardened sur- 
face will not deform during subse- 
quent tensile testing, but cracks 
setting up a notched condition with 
consequent lowering of ductility 
Hydrogen contamination. A large loss 
in ductility is noted in samples con- 
taining hydrogen contamination. The 
hydrogen that 
causes this embrittlement is found in 
Removal of hy- 


reaction involving 


slow-strain-rate tests 


Fig. 8—Effect of temperature on the elastic mod- 
ulus of titanium alloys with various stabilizers. 


drogen from alpha-beta alloys may 
well improve the stability of the metal 
Precipitation in alpha alloys. Alpha 
alloys were considered to be thermally 
stable because of their single phase 
microstructure. Recent tests, however, 
indicate that titanium 
about 8% Al can be embrittled by 


containing 


low-temperature aging. Embrittlement 
is associated with the formation of a 
precipitate in high Al content alloys 
Upper limit for aluminum content 
to insure stable titanium alloy is 6% 
[he addition of beta stabilizers ap- 
pears to improve stability greatly 


Reference: 

“The Behavior of Titanium at Elevated 
Temperatures” by H. R. Ogden, Battelle 
Memorial Columbus, Ohio 
Original presentation as Lecture No 


Institute, 


litanium Metallurgy Course, New York 


University, September 9-13, 1957 





Fig. 9—Effect of temperature on the unnotched Fig. 10—Modified Goodman diagram for Ti-4Al- 


fatigue strength ot Ti-3 Mn complex alloy. 
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Fig. 1—Corrosion weight loss vs time in severe industrial 
atmosphere. One ft sq by 1/4 in. thick specimens were ex- 
posed to dirt and fumes from 1939 to 1957. Periodic inspection 
of the plates were made. After cleaning, the specimens were 
reweighed. Weight loss data: improved iron about 20% more 
resistant than regular wrought iron to industrial atmosphere. 


From: Byers Technical Bulletin 


Corrosion rate 
of wrought iron 


9, ; 
3% Nac - 


s 
liter / min of arr oi 





Time, week 


Fig. 3—Corrosion losses in aerated salt water. Data for 
wrought iron and the steels plot as virtually straight lines, 
with wrought iron having a lower slope—rate of attack. Curves 
will flatten with time (projected dotted line) and from these 
data it would appear that the wrought iron curve will flatten 
at a lower rate than either of the steel curves. 
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Fig. 2—Corrosion rate measured as hydrogen evolution vs 
time. Two irons measured in 2% hydrochloric acid by collecting 
and measuring the amount of hydrogen evolved during the 
acid attack—the more hydrogen, the more corrosion. Im- 
proved wrought iron dissolves 25°¢ more slowly than regular 
iron in dilute acid. Test using 5° acid showed similar results. 


W xo GHT iron, with its unusual two component com 
position as contrasted to the chemicals or alloy relationship 
that generally exists between the constituents of othe 
metals, is finding new uses where corrosion is a problem 
The recent development of a wrought iron having in 
creased amounts of deoxidizer and phosphorus as well as 
more siliceous slag is further extending the use of wrought 
in the corrosion resistance field 

The major reasons for the superior corrosion resistance¢ 
are: (1) the iron silicate fibers—one of the two component 
composition—halt and spread the corrosive attack and 
discourages pitting; and (2) the protective scale developed 
by the metal acts as a shield against direct attack 

The fibers of iron silicate help to halt the concentrated 
or localized attack and spread it Over a greater are 
Hence, any reduction in wall thickness takes place slow! 
and uniformly, with the least amount of pitting 

When corrosion starts, the oxide scale formed on the 
surface is anchored by the network of fibers, and adheres 
more tightly than similar scale on ordinary materials 
This scale is almost immune to corrosion and it shields 
the underlying metal 

The improved wrought iron shows even better values 
than regular wrought material when subjected to atmo 
spheric corrosion, acid corrosion and salt water corrosion 


Figs. 1, 2 and 3 show the results of these tests 





REFERENCE 
Technical Bulletins from A.M. Byers Company 
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From: Modern Casting 


High strength aluminum alloy 


ALAN B. DeROSS Technica! Specialist, Kaiser Aluminum & Sales, Inc. 


Decrease in iron content improves properties of aluminum casting alloy 356. Data and curves should 


permit a selection of a combination of properties suitable for application to structural parts. 


| MPROVED PHYSICAL and mechanical 
properties for aluminum alloy 356 
have been obtained by limiting the 
iron content to a maximum of 0.15% 
HP (high purity) alloy exhibits supe- 
rior ductility and improved tensile and 
yield strength. It should find wide ac- 
ceptance for stressed parts in aircraft, 
automotive and industrial uses 


The factor which makes the alloy 
superior is its greater reserve of duc- 
tility. Limiting the iron content re- 
duces the beta iron-silicon constituent 
of the metal. Beta iron-silicon occurs 
in the form of large thin needles and 
plates. It is brittle and reduces ductil- 
ity, in proportion to amount. 

Specification for HP 356 is given 


in Table I, along with a typical chem- 
ical analysis compared with the 
standard grade of the aluminum 


HEAT TREATMENT OF HP ALLOY 

The higher ductility of HP 356 
permits the use of more complete arti- 
ficial aging to develop the full potential 
strength values without approaching 











permanent mold and sand cast, at 320 F. 


Mechanical properties of X357, permanent mold and sand cast, at 350 F and 325 F. 
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brittleness. This can not be accom- Table I—HP 356 Alloy Specification is advantageous. Cast alloys using 
plished with ordinary standard grades. and Analysis vs Standard Grade magnesium silicide as the principal 
Heat treatment, T6 condition, for hardening compound are affected by a 
standard grade 356 was designed to | HP 356 _ Typical Analysis room temperature aging interval. The 
. . . Element | Specification HP 356 Std 356 ° 
permit only partial aging in an effort ood Maci00 cil Ste atlbeaetll scianil caput direct result of this room temperature 
to conserve elongation at the expense Gs | 6am 0.01 0.08 aging interval is an increase in duc- 
of strength. The high purity alloy per- si | 6.5-7.5 | 7.00 7.00 tility of the aluminum 
mits the heat treatment to develop the Fe | 0.15 max 0.11 0.40 
full strength potential without the Mg 0.25-0.40 | 0.34 0.32 ALLOY PROPERTIES DEVELOPED 
elongation deteriorating drastically. Zn 0.10 max 0.02 0.03 Alloy XHP (X357) offers advan- 
Standard solution heat treatment Mn 0.10 max 0.01 tages over the other grades where 
practices are not changed for alloy HP Ti 0.20 max | 0.11 0.10 higher strength and higher yield with 
356. Combinations of properties are fair ductility is required 
obtained by varying the aging tem- and permanent mold cast are shown The higher combination of yield 
peratures and time at temperatures at left. Combinations of mechanical strength and elongation obtainable 
Thus, mechanical properties can be properties are available for the 320 F with HP 356 should result in substan- 
obtained in a raneg from 41,000 psi temperature for HP 356. The range tially higher impact strength 
tensile strength, 23,000 psi _ yield is narrower for XHP 356 (X 357) It is apparent that higher aging tem- 
strength, 16% elongation to 45,000 Several different aging temperatures peratures are necessary to develop 
psi tensile strength, 34,000 psi yield are available. Some of the mechanical properties for these alloys. Tables II 
strength, 8% elongation for permanent properties obtained for permanent and III permit the selection of the best 
mold, and from 37,000 psi tensile mold and sand cast are shown in specific tempers for an application, 
strength, 25,000 psi yield strength, Tables Il and II compared with the 
10% elongation to 41,000 psi tensile standard alloy grade. A large increase g 
strength, 34,000 psi yield strength, in properties for alloy HP 356 is ap- “as the ty A ay Sol 
< of : “4 urity uminum Alloy »lves 
5% elongation for sand cast : > -noth 2 been - 
o elong C dc parent, particularly yield strength and Structural Engineering Problems” by 
elongation, when compared against Alan B DeRoss Technical Specialist, 
AGES FECGISUES CF HP Auer those of the standard 356. Kaiser Aluminum & Chemical Sales, Inc., 
Aging curves for alloys HP 356 and A 24 hou holding period after the Chicago, Illinois. Published in Modern 
XHP 356 (now designated X 357) sand solution heat treatment and quench Casting, May 1957, p. 69-73 
Table Il—Average Permanent Mold Mechanical Properties Table Il—Average Sand Cast Mechanical Properties 
of Alloys HP 356 and XHP 356 As Compared with of Alloys HP 356 and XHP 356 As Compared with 
Standard 356 Standard 356 
| Typical Values | Typical Values 
Hours Tensile Tensile yield!| Elongation Hours | Tensile Tensile yield |Elongation 
Temp. at strength strength*’ | % in 2 Temp at strengt! strength* in 2 
F temp. | Alloy psi psi inches R temp Alloy ps psi inches 
2 | Std 356 38 ,500 31,500 | 7.0 2 Std 356 35,000 27,500 5.0 
8s | 40,100 35,000 3.0 8 38.000 32.000 25 
350 | 2 | HP 356 | 39,200 30,000 | 9.0 350 2 HP 356 39,500 30,000 7.5 
s | 41,500 31,000 7.0 8 40 ,000 33 ,000 5.0 
2 XHP 356 | 46,000 | 36,500 | 6.2 2 XHP 356 47.500 41,500 2.5 
8 | (X357) | 49,500 44,000 | 1.8 8 X 357 46,000 43,000 1.8 
| 2 Std 356 | 40,200 33,500 | 6.0 2 Std 356 36,500 30,000 3.5 
| 8 | 36,000 | 32,500 2.5 8 34,000 | 30'000 25 
375 | 2 | HP 356 | 42,500 32,000 | 11.0 375 2 HP 356 40.000 32,000 6.5 
8 | 37,500 | 30,000 11.0 s 39 ,000 34,000 5.0 
2 XHP 356 46,000 | 40,000 3.0 2 XHP 356 47.500 45.500 2.0 
8 (X 357) 43,500 37 ,000 12.5 ~ X 357) 45.000 42.000 1.5 
2 Std 356 40 ,000 32,500 8.0 2 Std 356 36 , 200 29 ,000 3.5 
8 | 38 ,000 30,500 | >... 8 32,500 25,000 4.0 
400 2 HP 356 | 40,500 | 32,500 | 10.0 400 2? HP 356 40,500 33,000 8.0 
8 38 ,000 26,500 | 12.0 8 35,500 27.500 6.2 
2 XHP 356 | 46,000 40 ,500 8.2 2 XHP 356 47,500 45,500 2.0 
8 (X 357) | 40,500 34,000 6.0 8 X 357) 42,500 39,000 2.5 
2 Std 356 40 ,000 32,500 6.2 2 Std 356 34.500 26.800 5.0 
8 32,000 23 ,000 sa.2 g 29.000 2 0 ) 
425 2 | 37,500 | 29,000 11.0 425 > HP 356 37.700 30.000 0 
| 8 HP 356 | 29,500 | 19,500 | 14.0 8 31,500 22,500 12.5 
*Offset = 0.2% | "Offset = 0.2% 
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From: SAE Paper 


Designing with ph steels 


Applicable to 1200 F, precipitation hardening steels are effected by 


chemistry and heat treating variables. Brazing and welding precautions 


to consider. Mechanical and chemical properties. 


A NEW group of steels known 
as the PH, precipitation hardening, 
grades has been added to the family 
of materials which are available for 
structural parts. The 400 series stain- 
less steel result in adequate strength 
levels but present problems with re- 
gard to fabrication and corrosion pro- 
tection. The 300 series stainless steels 
possess desirable fabrication and cor- 
rosion resistance properties but have 
inherently low physical properties. 

The precipitation hardening stain- 
less steels, by virtue of their adjusted 
chemical composition, provide a class 
of alloys which possess the forming 
and corrosion resistance characteris- 
tics of the 300 series stainless steels, 
and which may, by selected heat 
treatment, be endowed with proper- 
ties similar to the 400 series steels 
Fig. 1 indicates the temperature ranges 
for various classes of materials 


MECHANICAL PROPERTIES 


Tables I, II and III show the ex- 
cellent properties of 17-7 PH, 17-4 
PH, AM 350, AM 355 steels. Ulti- 
mate strengths at room temperature 
are about 210,000 psi and yield 
strengths are about 175,000 psi. Type 
310 has a nominal ultimate strength 
of 100,000 psi and a yield strength 
of 35,000 psi at room temperature. 

Alloy A-286 has room temperature 
properties which are lower than those 
obtainable from the 17-7 PH and AM 
350 alloys, but retains its properties 
at 1200 F and above. The PH steels 
lose strength rapidly above 800 F. 

The rapid strength loss above 800 
F limit 17-7 PH, 17-4 PH, AM-350, 
and AM 355 to applications below 
this temperature except for short life 
use. A-286 is being used to 1350 F 
for turbine wheels, compressor blades 
and similar parts. Above this tem- 


perature overages rapidly 
and the strength properties decrease 


the alloy 


at a rapid rate for structural uses 


CHEMICAL COMPOSITION 


The chemical composition of all 
the truly precipitation hardening class 
of alloys are adjusted to render the 
materials soft and ductile in the an- 
with the ability to be 
strengthened by subsequent or supple- 
heat treating operations. 
Chemical analysis of the materials are 
Table IV with only the 
significant elements shown 


nealed state, 


menting 


given in 


EFFECT OF 
CHEMISTRY VARIABLES 


The chemical analysis of the five 
alloys all have the normal restrictions 
on phosphorus, sulphur, silicon and 
which are 
based upon melting practices 
Chemistry of 17-4 PH. Alloy is re- 


manganese; restrictions 


latively simple in composition. Nickel 
content of the standard Type 301 has 
reduced and copper 
a precipitation hardening element 
17-4 PH work hardens so rapidly that 
it does not lend itself to sheet rolling 
practices. It is available as bars, plate 


been added as 


forgings and castings 

have been produced in 
quantity; only major difficulty is pro- 
ducing parts by the “shell molding” 
process. The organic resin used as a 
binder for the shell burns to carbon 
during casting and produces a surface 


( astings 


carbonized layer as deep as 0.030 in 
Inorganic binders will be required be- 
fore shell molding is practicable 

If the part is to be 
copper which can range from 3.00 
to 5.00% 


welded, the 


must be held to the low 
side of the range. Several companies 
are issuing material specifications for 
copper ranges in specific applications 


Chemistry of 17-7 PH. Chemical 


Table I—Ultimate Tensile Strength vs Temperature of PH Steels 
(strength x 1000 psi) 





Condition 


TH 1050 
AM 350 SCT* 
| (RH 850 


DA** 
(TH 850 


AM 355 | SCT 

(RH 850 225 
17-4 PH H900 195 
A-286 Sol. Treat 154 

at 1800 F 

Age 16 hr 

at 1325 F 


600 


Temperature F 


_ Typical 
1000 1200 Hardness 


190 5 100 


163 7 123 





*Sub-zero cooled and tempered 
**Double Aged. 
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Fig. 1—Temperature range for alloy application. 


analysis of alloy is 


the adjusted so 
that in the annealed condition the ma- 
fully but is suffi 
ciently unbalanced that the austenite 
will 


treatment. 


terial is austenitic, 
thermal 
should be 
analysis 


martensite by 
Two 


become 
points 
noted; 1) chemical allows a 
within the 
limits; and 2) aluminum influences the 
behavior of the metal 

Wide material 
creates problems when parts are to 
be welded and heat treated. The hard- 
enability that the 
material must be separated by heats 
or heat treat proc 
essing. If material with all the ele- 
ments on the high side of the range 
is welded to a all 
ments on the low side cracking during 


wide range of analyses 


range for each 


range is so wide 


response prior to 


material with ele 


subsequent heat treatment could oc- 


the differential re- 
sponse to the hardening operations 

Aluminum is a strong ferrite former 
and 


cur because of 


creates an austenite with a sec- 


ondary delta ferrite phase, with the 
delta ferrite varying from 5 to 20° 

depending upon composition. Control 
of the element to closer specification 
would give a more uniform heat treat 
response. The present range, 0.75 to 
1.50%, 


be economically 


is as close as the element can 
controlled with the 
air melting practices being used 

Chemistry of AM 350 and 355. These 
alloys have their analyses adjusted so 
that they 


nealed 


are austenitic in the an 


condition, but can be trans 
formed to a martensite-like lattice by 
subsequent thermal treatments 

The hardening for 


AM achieved by a 


mechanism of 
350 and 355 is 


Table Il—Yield Strength vs Temperature of PH Steels 
(strength x 1000 psi) 





Condition 
RH 950 
TH‘1050 


SCT 
RH 850 


DA 
TH 850 


SCT 
RH 850 


H 900 


Sol. Treat 
at’1800 F 
Age 16 hr 
at 1325 F 


Temperature F 


600 


175 


155 


Typical 


800 1000 1200 Hardness 


R.47 


150 


R.43 
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Fig. 2—Effect of austenite 
on start of martensite 


temperature 
transformation. 
Straight austenite-to-martensite reac 
tion with the martensite hardness be 
ing achieved by a carbon-nitrogen in 
teraction 


tributing 


[he role of nitrogen in con 
hardness to the as-quenched 
structure of chromium-bearing steel 
is being recognized and included in 
many specifications 

AM 355, containing nominally |! 
AM 


of producing slightly 


less chromium than 350 


IS Capa 


ble higher me 
chanical properties 


the 


[his is caused by 


increased amount of austenite 


which will transform to martensite 


during heat treatment, and the higher 
carbon the The 
chromium, however, 
reported to result in the AM 

ing 


content of material 


reduction in 
more subject to 
AM 
These alloys have a 


chemical 


stress-COrrosior 


350 


than 


close range of 


elements and do not con 


that 
can create problems during welding 


tain elements such as aluminum 
and brazing. Close control of the ele 
material which is 
uniform in its response to heat treat 


ment, 


ments result in a 
does 
heat 
sponse prior to fabrication 
Chemistry of A-286. The 
virtue of its high nickel 
fully 


achieves its 


and which not require 


segregation by treatment re 
alloy, by 
content 

austenitic at all times, 
properties by precipita 
tion from solid solution of complex 
A-286 differs from the 
precipitation hardening alloys in this 


un 


compounds 


way as the true PH grades have 


balanced chemistry and require heat 


their 
increases in 


treatment to achieve 
Substantial 


and reproducibility of 


roperties 
reliability 
stress rupture 
1350 fF 
1s produced 
elec 


Bo 


properties at 1200 and are 


possible when the alloy 


by the vacuum consummable 
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To achieve higher strength levels, 
Table I1l—Per Cent Elongation vs Temperature of PH Steels the material is annealed at about 
1700—1750 F followed by cooling to 
100 F. Subsequent exposures in the 
range 850 to 950 F results in temper- 
ing of the martensite. Hardness is in- 
creased slightly. Ultimate _ tensile 
Strength is increased to 210,000— 
230,000 psi, with adequate ductility 
SCT for mild forming operations 
RH 850) 5 The effect of austenite conditioning 
at temperature upon the Ms of 17-7 
(TH 850 PH, AM 350, and AM 355 is shown 
in Fig. 2. Austenite conditioning tem- 
peratures in the 1400 F range result 
in the precipitation from the auste- 
nite-delta ferrite matrix of chromium 
leaving the 
pleted of carbon 





Temperature F 
- oe Typical 
Alloy Condition 7 600 800 Hardness 


RH 950 } : - R.47 


TH 1050 7 R.43 


AM 355 | SCT 
RH 850) 


DA 

(TH 850 
carbides, austenite de 
rhe austenite being 
lower in carbon, transforms to a low- 
carbon martensite, which is weaker 


than a higher-carbon martensite 


H 900 


Sol. Treat 
at 1800 F 
Age 16 br 
at 1325 F 


Thus, raising the austenite condi- 
tion temperature has the effect of 
lowering the Ms temperature, and in- 














creasing the solubility of carbon in 


trode process. This method of ingot [he mill annealed material is sub austenite. Where the ability to trans- 
jected to a 1400 F austenite condi- 
temperature, 
cooling to a temperature below the at 


Ms of the austenite formed. A crys- 


production gives a high quality prod- 
uct which is free from center segrega- 
tion and oxide nitride inclusions 


form to martensite remains, the mar- 


tioning followed by tensite which is formed from austenite 
higher temperatures is 


than that formed at 1400 F. This is 


stronger 


EFFECT OF 
HEAT TREATMENT 
VARIABLES 


Heat treatment of 17-7 PH, AM 
350, and AM 355 can be accom- 
plished by two methods, the choice 
being dictated by the fabrication pro- 


cedures to be used on the material. 


tallographic change from austenite to 
martensite is accomplished with an 
accompanying increase in hardness. 
Subsequent exposure to temperatures 
within the range 750 to 1050 F re- 
sults in tempering of the martensite 
Treatment yields a metal with a hard- 
ness range of Rc 40-45 and a strength 
range of 165,000-185,000 psi 





Table [1V—Chemical Analysis of PH Steels 





ELEMENT 17-7 PH 


aerial “ 


6.50-7.75 


0.75-1.50 


17-4 PH 


0.09 max. | 0.07 max. 


16.00-18.00 | 15.50-17.50 | 16.00-17.00 


3.00-5.00 


Balance 


AM 350 


0.08-0.12 


AM 355 A-286 


0.10-0.15 0.08 max 


15.00-16.00 


13.50-16.0 
4.00-5.00 4.00-5 .00 24.0-27.0 


0.50 max 


0.07-0.13 


001-0 .010 


Balance 














caused by the strengthening effect of 
the higher carbon 

Material subjected to an annealing 
temperature of 1950 F will have its 
Ms temperature well below 100 F 
The result is that the annealed ma- 
terial is fully austenitic at all times, 
or until a lower temperature austenite 
conditioning temperature is used to 
achieve subsequent transformation to 
martensite. conditioning 
temperatures in the vicinity of 1700 
F, where the Ms temperature is about 
60 F and where the transformation 
is essentially completed at 100 F, 
result in maximum mechanical prop- 
erties and ductility. Table V gives the 
heat treating cycle for each alloy 


Austenite 


WELDING AND BRAZING 


Welding and brazing of the PH 
steels differ from the ordinary 400 
series stainless steels in that they can 
be joined in the austenitic condition, 
where the susceptibility to cracking is 
decreased. Data indicates that the 
precipitation hardening grades are 
readily weldable, but that the metal- 
lurgica] characteristics of the material 
must be fully recognized to assure 
crack free weldments. Also, there is 
an inherent problem of low weld 
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ductility requiring further study. 

17-7 PH, AM 350, and AM 355 
should be fusion welded in the an- 
nealed condition, followed by the heat 
treating operations to achieve makxi- 
mum weld efficiency. For tungsten 
inert gas arc processes, which are 
ideally suited for these materials, the 
filler metal should be of the same 
nominal composition as the base 
metal. Where the material is welded 
in the hardened condition, or where 
strength of the weldment is secondary, 
these materials can be fusion welded 
using fillers of the type used for weld- 
ing austenitic stainless steels 

One problem inherent with the 17- 
7 PH grade is the danger of loss of 
aluminum by oxidation during weld- 
ing. Aluminum oxidation is decreased 
in the tungsten inert gas welding 
process by using a higher argon gas 
coverage than normally used for aus- 
tenitic stainless steels 

Metallic arc welding of 17-7 PH is 
usually accomplished using flux-cov- 
ered electrodes of 17-4 PH composi- 
tion. Metallic arc electrodes to 17-7 
PH composition not normally 
manufactured the flux coat- 
ing does not give sufficient protection 
to prevent aluminum oxidation. 

Fusion welding of A-286 alloy 
should be performed upon material 
in the annealed, or solution treated, 
condition as the alloy is susceptible 


are 


because 


B9 


METALS AND ALLOYS 


to cracking during welding in the fully 
aged condition. Success has been 
achieved using filler metal of Hastel- 
loy W composition where the tech- 
nique is adjusted to require favored 
dilution of the base metal. Filler 
metal of the base composition can be 
successfully used if the part is to be 
heat treated after welding 

Brazing of 17-7 PH steels 
silver-manganese material has been 
widely accepted, primarily in the 
fabrication of honeycomb panels and 
structures. However, silver manganese 
brazed joints are subject to crevice- 
corrosion. Additions to the composi- 
tion of lithium and nickel have been 
attempted with varying success 

The brazing cycles are normally co- 
ordinated with the “double aging” 
type of heat treatment, with the re- 
sult that this material gives the ulti- 
mate in high strength, low density 
structures for use up to 800—1000 
F, depending upon exposure time. 

Here again, the aluminum presents 
an oxidation problem, with the result 
that the brazing operations must be 
carried out in a dry hydrogen atmos- 
phere. It is believed that dry hydrogen 
atmosphere with 
than —SO are required to prevent 
oxidation of the aluminum 

There has been very little produc- 
tion brazing of AM 350 and AM 355. 
However, the composition would in- 


with 


dew points lower 


dicate that little difficulty would be 
met conventional materials 

Nickel alloy brazing of A-286 alloy 
presents problems the 
presence of aluminum and titanium 
These elements are not reduced by 
hydrogen, thus normal brazing tech- 
niques performed in a dry hydrogen 
atmosphere not sufficient to 
achieve reproducibly satisfactory 
bonds. One procedure for nickel alloy 
brazing is 1) subject the part of the 
brazing temperature and atmosphere 
in the absence of braze filler metal; 
2) vapor blast the parts; and 3) braze 
at 1950 F filler metal with 
a dew point of —60 F or better 


using 


because of 


are 


using a 


CONCLUSION 
The 


rials 


precipitation hardening mate 


are available for structural ap 
plications up to 800 F, short 
time exposure to slightly higher tem- 
These 


control of 


with 


materials 
heat 
operations to 


peratures require 


close treating and 


welding assure maxi 


mum properties in the finished part 


REFERENCE: 

“Metallurgical Design Considerations 
for Precipitation Hardening Steels up to 
1200 F” by F. K. Lampson, Marquardt 
Aircraft Company. Presented at the SAE 
National Aeronautic Meeting, Los An 
geles, California, Sept. 30-Oct. 5, 1957 
Paper No. 216 





Table V—Heat Treating Cycles for PH Steels 





Double Age Treatment 





Annealing 
Operation 


Alloy 
17-7 PH 1850-1975 /90 
min /in. thick 
rapid quench 


1850-1975F / 
30 min /rapid 
quench 





1850-1975F / 
30 min /rapid 
quench 


Y 
| Condition | 
Temp, F | Minutes 


1400 #25 90 


1710 #25 30 
1375 #25 60 


1710 #25 
1375 #25 60 


Time at 
Cond 
Temp, 


Final 
Age 
Temp, F 


Condition 
Temp, F 


Cooling 
Condition 


Cool to 1050 #10 1710 #15 
55F =5F 
within 1 hr 

Rapid 

quench 


air cool 


850 =25 1710 #25 


3 hr 


Rapid 
quench 
air cool 





| 1900F =25F/ 
30 min /rapid 
quench 
1800F =25F 
1 hr /rapid 
quench 


1800 #25 


— . 1900 #25 


1400 
16 hr 


Time at 


Minutes 


Refrigeration Treatment 


Cond 
Temp, Final 

Temp, F 
| 950 «10 


60 min 


Cooling 
Condition 
10 Cool to 

-100F 
8 hr 





Cool to 
100F 
3 hr 


Cool to 
100F / 

3 hr 

Rapid 


quench 
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om: Associated Spring 


Commonly used spring materials "Corporation Rule 





Tensile Properties Torsional Properties of Wire 


Ultimate} Elastic | Modulus of Ultimate] Elastic Modulus in Process of Manufacture 
Strength; Limit Elasticity Rockwell | Strength} Limit Torsion, Chief Uses 

Material 1000 psi | 1000 psi 1000 psi | Hardness | 1000 psi 1000 psi 1000 psi Special Properties 

Flat Clock 180 to | 150 to 30 ,000 Annealed | Not Not Not Used Cold-rolled, annealed or hear- 
Cold-rolled Spring 340 310 B75-90 | Used Used treated before formin, 

Spring Steel Temp’d | Clock and motor springs, misce 
Steel C40-52 laneous flat springs 


Flat Spring | 160 to | 125 to 30,000 Annealed Cold-rolled or annealed or tem- 
Steel 320 280 B70-85 i pered. Miscellaneous flat springs 


Temp’d | Most popular spring steel 





C38-50 


Flat Spring | 160 to | 120 to 30,000 | Annealed} Not 

Steel 280 180 B70-85 Used 
Temp’d 
C38-50 


: High Car- 200 to | 160 to! 30,000 160 to | 110 to Cold-rolled or drawn igh grade 
_— | bon Wire | 400 300 | 200 150 helical springs or wire forms 
teel 7 : 
Wires | Oil-tem 155 to | 120 to | 30 ,000 2- 115 to} 80to | Cold-drawn and heat-treated be 
pered Wire 300 | 250 |} 200 | 130 fore coiling. General spring use 


Not | Ni Use cold-rolled and annealed 
Used | Miscellaneous flat springs, stanc 
loads. 


ns 


Music Wire | 250 to |} 150 to 30 ,000 150 to | 90 to Patented and cold-drawn. Miscel 
500 | 350 300 180 laneous small springs of various 

| = types—high quality 
Hard Drawn} 150 to |} 100to; ; 120 to | 75 to Patented and cold-drawn. Same 


| Spring Wire| 300 200 220 | 130 uses aS music wire but lower 
| quality wire 


Carbon 200 to ; 4 | Cold-drawn and heat-treated be 
Valve 230 | fore coiling. Valve springs 
Spring Wire 

Hot-rolled Silico 200 to | 180 to 30 ,000 5 140 to 100 to Hot- or cold-rolled or drawn 


| 


Alloy Steel Manganese 250 230 175 130 Good heat resistance 


Alloy and Chrome- 200 to | 180 to 30 ,000 5 140 to ; 100 to Cold-rolled or drawn. Special 
Stainless Vanadium 250 230 175 130 applications. Resists heat better 
Spring Alloy Steel than carbon steel 

Materials : 


Silicon 325 300 | | 200 160 at high stresses. Resists heat well 
Alloy Steel to 450 F 


Chrome- 250 to | 220 to | 54 | 160 to | 130 to Hot- or cold-rolled or drawn. Used 


18-8 Type 160 to| 60to | 28,000 35-45 | 120 to! 45 to ,000 Cold-rolled or drawn. Good corr 
Stainless 330 260 240 140 | sion and temperature resistance 
Magnetic in spring tempers 


Type 316 170 to | 130 to 28 , 00 120 to | 80 to 11,000 Cold-rolled or drawn. Heat-treated 

Stainless 250 200 220 130 after forming. Good corrosi 
and temperature resistance. Mag 
netic in spring tempers 


Nonferrous Spring 100 to | 40 to 45 to | 30 to Cold-rolled or drawn. For electri 
Spring Brass 130 | 60 90 60 | cal conductivity at low stresses 
Materials For corrosion resistance 


Phosphor- 100 to; 60 to | 5,000 B90-100 | 50 to Cold-rolled or drawn. Used for 
Bronze 150 110 | 85 corrosion resistance and electrical 
| | conductivity 


Silicon 100 to. 60 to 5,000 B90-100 | 50 to | Cold-rolled or drawn. Used as sub 

Bronze 150 110 85 stitute for phosphor bronze where 
' lower cost is necessar\ 

Mone! 120 to} 85 to 5,000 3-: 50 to | 9, Cold-rolled or drawn. Resists cor- 

165 | 125 70 =| rosion. Moderate stresses to 400 F. 


Inconel 140 to 110 to 31,000 5-37 55 to 000 Cold-rolled or drawn. Resists cor 
185 ' 140 80 rosion. High stresses to 650 F 


Inconel “*X’’| 130 to ; 90 to 31,000 50to | 11, Resists corrosion and oxidation 
220 |; 150 | | | 90 Can be used to 100 F for prolonged 
periods; up to 1200 F for short 
periods of intermittent tempera- 
ture exposure at low stress levels 
Duranickel 80 to | 30,000 x 000 Cold-rolled or drawn. Precipita 
140 tion hardened by heat-treatment 

Resists corrosion 
Ni-span 110 | 27,500 : 9,400 Zero temperature coefficient of 
=. modulus over range 50 F 

+150 F 
Beryllium 160 to | 100 to 16,000 to o 100 to ( 6,000 to Cold-rolled or drawn. Corrosion 
Copper 200 150 | 18,500 130 7,000 resistance like copper. High phys: 
Subject to | | Subject to | cals for electrical work. Low hy 
heat-treat. | heat-treat. | steresis. 


to 
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From: Climax Molybdenum Bulletin 


Ultra- 
strength 
steels 


METALS AND ALLOYS 


Characteristic property is retention of 
ductility and toughness at tensile strengths 
over 200,000 psi. Two means are used: 


modification of heat-treatment, or modi- 


fication of composition. 


ENGINE ERING requirements are 
demanding higher strength and higher 
steels. Ad- 


vances in design, processing and met- 


strength-to-weight ratio 
allurgy have developed alloy steels 
with minimum values from 
220,000 to 300,000 psi, combined with 
sufficient ductility and toughness to 
meet many 


tensile 


high strength problems. 

Ultra-strength steels have a greater 
strength per pound than high strength 
aluminum alloys, and above 260,000 
psi they are 15% lighter than alumi- 
num alloys for the same _ strength. 
Higher tensile properties with corre 
sponding improvements in other me 
chanical properties are made by mod 
ifying the chemical composition or the 
heat-treat of the steels. Table I com 
variable for 11 ultra 
Strength steels. 


pares these 


These steels are used for applica- 
tions where their advantages in weight 
and space saving more than compen- 
sate for the higher cost of fabricated 
components and the additional care 
required in design and processing 
[able If give mechanical properties 


and some applications for the steels 


DESIGN FACTORS 

Experience shows that the ultra 
strength steels offer problems not much 
different from those met with alloy 
steels, although design and processing 
require more attention. Major precau- 
tion to be taken is minimizing stress 
raisers. Structural parts should not 
have abrupt changes in section thick 
ness and should have smooth trans! 
tions from section to section. Points of 
attachment require special care, and a 
greater fillet radius is used than fo! 
the lower strength steels 
Bearing strengths for 


large edge distances (e/D 2), are 


comparatively 
considerably higher than the tensile 
properties. AISI 4340 tests showed ul 
timate bearing strength of 1.7 times 
the tensile strength at values ove! 
200,000 psi. Ratio of bearing yield 
strength to tensile strength remained 
nearly constant at 1.4 


Column stress figures indicate that 
these steels can be used for short col- 
umns having a slenderness ratio of 
less than 55. No benefit is gained by 
using such steels in the long-column 
range with higher slenderness ratios. 
Fatigue strength or endurance limit is 
about 50% of the tensile strength for 
steels heat-treated to about 175,000 
At higher tensile strengths, the endur 
ance-limit ratio may be less; and if 
severe notches are incorporated, there 
is little to be gained in improved fa 
tigue strength 

The avoidance of stress raisers and 
stress concentrations, and proper proc- 
essing to avoid residual surface tensile 
stresses, does improve the endurance 
limit of the higher 
steels. For example, fasteners heat 


tensile strength 


treated to 220,000 psi have shown a 
90% increase in fatigue strength at 
8,000,000 cycles as compared to 
160,000 psi bolts. 

Lorsion strength tests indicate that the 
ultimate torsion strength is about 
60% of the tensile strength at values 
up to about 280,000 psi 
Transverse properties are about the 
same as the equivalent longitudinal 
properties, but ductility and toughness 
are lower. In many instances, tran- 
verse ductility and toughness are about 
half the longitudinal values 
Compressive strength is approximately 
the same as the tensile yield strength 
Rigidity or the modulus of elasticity, 
is taken as 29,000,000 psi in tension 


and compression 


PROCESSING FACTORS 

Experience has indicated that some 
modifications in the processing proce- 
dures are needed. Careful supervision 
and quality control are necessary to 
obtain optimum results 
Welding of the ultra-strength steels are 
done in the softened condition and 
thoroughly stressed relieved before fi 
nal heat-treatment to reach the desired 
final properties. Undercuts and weld 
deposits should be ground or polished 


to avoid stress concentrations 
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Resistance upset welding can be 
done in a neutral atmosphere as read 
ily as any other alloy steel of the same 
carbon content, 

Arc welding 1s satisfactory only by 
using special electrodes with suitable 
pre- and post-heating precautions 
Machining should be done before 
heat-treatment. In the annealed condi 
machined 


with the same practice as used for 


tion, these steels can be 


other alloy steels in the same condi 
tion. After heat-treatment, machining 
should be limited to the removal of 
any decarburization and to bring to 
finished size. Carbide-tipped tools are 
preferable; rigid tooling is mandatory 
Grinding after heat-treatment is avoid 
ed because it may induce residual ten- 
sile stresses at the surface which can 
be converted to compressive stresses 
by shot peening after grinding and 
before any plating or cleaning 
Heat-treatment of ultra-strength steels 
require a normalizing prior to harden 
ing to level out processing variables 
and insure an optimum structure fo 
subsequent heat-treatment 

Carburization and decarburization 
should be avoided by use of carefully 
controlled salt baths or controlled- 
atmosphere furnaces. Mild decarburiz 
ation can be minimized by shot peen 
ing alter tempering 

Distortion and warpage should be 
avoided as it is difficult to flatten o1 
Straighten parts of  ultra-strength 
Moreover, deleterious residual tensile 
stresses are introduced. Cold blending 
also introduce residual tensile stresses 
Cleaning and plating require special 
precautions to avoid hydrogen em- 
brittlement. Embrittlement not only 
reduces ductility but may diminish 
the load-carrying capacity 

Because of hydrogen embrittlement, 
cathodic cleaning is not recommended 
Cadmium plating, chromium plating, 
and copper plating may also produce 
embrittlement 

Conventional heat-treating or bak 
ing Operations to remove hydrogen 
embrittlement are only partly effective 
As a general rule, heat-treated ultra 
strength steels require about twice the 


usual baking time 


REFERENCE 
Ultra-strength Stee pi 
Climax Molybdenum Compar 
Consulting Metallurgica 
neer, Bethlehem 
Molybdenum Bulletin publis! 


Bennett 


Pennsylvani 
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lable of Chemical Composition and Heat Treatment 





Chemical Composition, %* 
Types 


Si Cr Mo 


AISI E 4340 


20/0.35 0.70/0.90 


AMS 6427 B 
AMS 6428 


Hy-Tuf 
UHS-260 
La Belle HT 


HS 220 
HS 260 


0.60 
0.60 


0.80 
0.80 


Strux 





65/2.00 
65/2.00 


60/0.90 


0.05/0 
0.17/0 


10 
23 


0.05 min 


0.01 min 





See Table II for producers of trade name 

5-317 composition is typical values 

Hy-Tuf 
Strux « 


types 


UHS- 260, La Belle HT compositions are average v 


mtains 0.0005 min B 


Table Il—Comparison of Mechanical Properties of Ultra-Strength Steels 





Tempering 
temper- 
ature, 


Mechanical Properties 


Yield strength 
0.2 offset) psi 


ensile strengt! 
psi 


Elongation 
Types in 2 in., 


AISI E 4340 


190 ,000 


000 


220 , 00¢ 1 


270 900 8 
AMS 6427 B 


190 
AMS 6428 


000 000 


The International 
Nickel Company, 
Inc. (INCO 


500 
500 
500 


600 
600 
600 


500 
000 
000 


000 
000 
000 


The Carpenter 
Steel Company 


400 
450 


500 
000 
000 

7,000 

500 


000 
500 
7,000 
000 
000 


500 
50 
600 


Crucible Steel 
Company of 
America 


400 
500 


000 
00c 
000 
000 


000 
000 
550 000 


600 000 


UHS 260 


000 000 


La Belle HT 0.450 000 000 


HS 220 The Timken Roller 


Bearing Company 


1% 000 
000 
000 


000 


208 
208 
210, 
212 


000 
000 
000 
000 


258 
252 
247 
240 


000 
000 
,000 
000 


HS 260 


000/235 000/280 .000 


Strux United States 


251,000 
Steel Corporation 


242,000 
251,000 


301 
292 
295 


000 
000 
000 














Reduction 
of arca 


35 
30 


Izod impact 
‘t Ib 


12 
10 





Bi4 
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Annealing 


eat about 1550 F, Furnace cool 


eat about 1650 F, Furnace cool 
at about 1600 F, F 


irnace x01 


Heat about 1430 F and 
10 F/hr to 1200 F, 20 F/hr 
air cool for 241 Brinell max 


He b« 1400 F, fur 
B 


He it 1600 F, air 
F id 16 hr; air cool 
Heat about 1700 F, a 
F, hold 4 hr 
at to 1550 F ol 25 F/hr 
ool for 235 Brinel 
Heat about 1550 F; furnace cool to 
heat to 1600 F, air cool; reheat to 
241 Brinell 
HS260 


old 16 hr; air cool f 


and 262 Brinell 


Heat about 1500 F, furnace 


equalize 


cheat to 


reheat to 1400 
air cool for 262 Brinell 
to 1300 F; air 


1200 F, 
old 15 hr; air ol for 241 Brinell max 
1200 F, 
HS22¢ 


Heat Treatment 


Normalizing 


cool About 1650 F, air cool. Recharge 


to 900 F and in furnace before reaching room 


temperature 


About 1550 F, air cool 


200 


About 1700 F 
or About 1700 F, air cool 


air cool 


or 


Heat to 1600-1650 F, air 








Heat treating 


Oil quench from 15 
220,000 psi 


25 to 1575 F; temper at about 
temper at about 450 F (260,000 ps 
Oil quench fr« 1600 t« 
AMS 6427B), « 150 F 
tensile strength 


1650 F; temper at about 


AMS 6428) f 


» io 
220,000 ps 


Oil quench f 


Oil quench from 1500 F 


Oil quench from 1600 F; temper 400-600 F 
Oil quench from 1700 F 
Pre-heat 1400-1450 F; raise to 1650-1700 F 
temper 400-600 F, min of 2 hr, or at least | 


ness 


temper 400-600 F 


Oil quench fr 


1600 F 


Oil quencl 


Oil quench 
280,000 psi 








rang¢ 
i sizes 


range of bars, t 


i sizes 


mi-finishe 


Rounds, 


exagons, semi-finis 1 sizes, sheet 


fats, squares, octagons, 


Rounds, squares, scamless mechan 
al tubing 


range of bar sizes. Blooms and 


ets for forging 


Applications 


Aircraft landing gears; bolts 
sion bars; oil-well machinery 
Aircraft landing geare and 
parts 


Aircraft parts, bolts, carbide-bit bodies 
drop forgings; axle gears and shafting 
pressure vessels; oil rating guns 
Chain rollers; chuck jaws lutch-parts 

iets; expander punches eder 1 ~ 
gears; bolts; link bolts; sh welding 
pins; studs 


Aircraft parts; forging-equipment pistons 
gears; bolts; chains; ordnance equipment 
power shatting; 


rolling-mill drive and 


manipulator shafts; and others 


Aircraft parts 


Aircraft forgings and fittings; aircraft 
parts and high-strength bolts 
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After heat-treat 
because ft low ten 


AMS 6418 and MII 


ects AMS 64 


After heat-treat, no bending is recom: 


or cold because of the high strength 


temperature 
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From: Corrosion 


High alloys to combat corrosion 


EDWARD D. WEISERT, Research Metallurgist, Union Carbide Corporation 


Us of highly alloyed materials to 
combat corrosion is associated with 
the more rigorous conditions met in 
industry. Applications often involve 
environments. However, 
environment may be mild but product 
quality or purity the requirement. Use 
of the alloy is normally restricted to 
critical areas. But these areas may 
range from a minor application, such 
as a valve stem or trim, to major in- 


aggressive 


stallations, including vessels, pumps, 
pipes, valves and other equipment. 

Selection of a high alloy, rather 
than one of the more common and less 
costly materials of construction must 
be economically justified. Considera- 
tion must be given to initial cost, 
anticipated life, maintenance, down 
time and safety 

rypical analyses of high alloy ma- 
Table I. Group 
| alloys are available in either cast 


terials are given in 


or wrought form; group 2 alloys are 
ivailable only as castings. Other ma- 
terials might be considered in these 
groupings, however, the ones men- 
tioned are most used to combat in- 
dustrial corrosion 


MOLYBDENUM-BEARING ALLOYS 


Pure molybdenum displays unusual 
resistance to hydrochloric and hydro- 
fluoric acids but is rapidly attacked 
by strong oxidizing acids such as nitric 
and hot concentrated sulfuric. When 
used as an alloying agent, molybde- 
num has a tendency to impart these 
characteristics to the alloy. 

Molybdenum-bearing ‘18-8 
show 


steels 
improved resistance to hydro- 
chloric acid and the halogen com- 
pounds. Increasing the moly content 
above , an alloy of iron contain- 
ing 28% nickel goes from nil to high 
resistance to boiling sulfuric acid. 
Molybdenum added to nickel gives the 
alloy corrosion - resistant properties 
similiar to the molybdenum. 

Nickel-Molybdenum alloys. The 28% 
molybdenum alloy is resistant to all 
concentrations of hydrochloric acid, 
even at boiling temperatures. It is re- 
sistant to a wide variety of non-oxidiz- 


Bis 


ing media, including salts, alkalis, 
sulfuric, phosphoric, and many or- 
ganic acids. The useful resistance of 
the alloy to sulfuric acid is unusual 
among wrought materials, extending 
to 60% acid at boiling temperatures 
and at lower temperatures to higher 
sulfuric acid concentrations. 
Nickel-Molybdenum-Chromium alloy. 
[he ability of chromium additions to 
improve the passivating tendencies of 
iron under oxidizing conditions is well 
known. Chromium imparts oxidation 
resistance to many other metals. Thus, 
chromium has the opposite effect of 
molybdenum as an alloying agent 
since the latter improves resistance to 
non-oxidizing type media. Alloys con- 
taining both elements tend to have 
more universal resistance, for ex- 
ample, the 18-8 molybdenum stainless 
steel alloys 
Nickel - Chromium - Iron - Molyb- 
denum alloy. Alloy is relatively new 
to the field of high alloys, and is simi- 
lar to the nickel-molybdenum-chro- 
mium alloy. It takes advantage of the 
alloying effects of both chromium and 
molybdenum; hence has high universal 
resistance, but also maintains a high 
iron-to-molybdenum ratio resulting in 
a lower-cost material. Alloy is re- 
sistant to stress corrosion cracking 
under many of the conditions which 
are aggressive to austenitic stainless 
steel alloy types 
COBALT-BEARING ALLOYS 

Highly alloyed corrosion-resistant 
materials generally exhibit good 
strength properties at elevated tem- 
peratures. This is indicated by the 
nickel-molybdenum and the _ nickel- 
molybdenum-chromium Con- 
versely, an alloy developed as a high- 
strength sheet material for use at 1800 
F has been found to be a highly cor- 
rosion-resistant material. 

Wrought cobalt - chromium - tung- 


steels. 


sten-nickel alloy has unusual resistance 
to hot fuming nitric acid even under 
erosive conditions. The alloy also 
shows resistance to wet chlorine com- 
parable and, in certain instances, su- 
perior to Ni-Mo-Cr alloy 


The wear-resistant and tool mate- 
rials of the cobalt-chromium-tungsten- 
carbon type show generally 
corrosion resistance which often allows 


good 


their use where ordinary wear-resist- 
ant materials fail by corrosion. Bear- 
ings and critical wear surfaces sub 
jected to soldering flux fumes and 
spatter in canning machinery are 
typical examples. Alloys are used as 
aircraft valve trim where they must 
resist the erosion-corrosion of hot, 
sometimes lead-containing, 
SILICON-BEARING ALLOYS 

Silicon enhances the oxidation re 
many 

important role in the 


pases 


sistance of materials, and it 
plays a very 
pit resistance of stainless steels. If the 
ability of silicon to impart corrosion 
resistance is fully exploited, unwork 
able alloys result, and they are limi- 
ted to applications as castings 

The castings, while of good strength 
are not ductile and are subject to 
mechanical and thermal 
shock. In spite of these undesirable 
features, high-silicon alloys find ap- 


failure by 


plication because of their resistance 
not only to corrosion but also to 
abrasion and mechanical wear 

High Silicon Irons. This is one of the 
most universally resistant alloys avail- 
able. It resists almost all severe acid 
conditions, the notable exceptions be 
ing hydrofluoric acid, fluoride com- 
pounds, sulfurous acids, and sulfites 
Improved resistance to hydrochloric 
acid and chloride-bearing solutions is 
obtained with a modificaticn using a 
% molybdenum 

High-silicon irons are widely used 


> 
| 


as pump and valve materials. By de- 
signing with the inherent brittleness 
in mind, it is possible to use these 
alloys as pipes, heating tubes, heat ex- 
changers, tanks and kettles 
Nickel-Silicon-Copper alloy. High-sili- 
con iron alloy is superior to this alloy 
in corrosion resistance. However, in 
many applications the lower resistance 
is acceptable because of the alloys 
higher strength and resistance to 
thermal and mechanical shock. 
Similar to the iron-base alloy, it has 
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excellent abrasion resistance and is Chromium - bearing nickel - molyb presence of ric ion while t 
used as check ball valves, piston rods, denum alloys derive their resistance Cr-bearing allo igain inhibited 


shaft sleeves and pump parts in part from an anodic passivation Silicon-bearing alloys depend 


tendency similar to the stainless steels marily on film formation for 
eee oF Pr n f oxygen or OXidizin n tal It 
resence O1 O ze C OAK ing co resistance ey 
CORROSION BEHAVIOR iy a 
taminants tends to enhance their re amination except 
High-alloy materials can be used 


sistance by maintaining and repairing ight attack « 


to yive < - ~ ~ ‘ 
0 solve many difficult corrosion prob the passive condition. Data, Table II f the 


lems ‘ir gene *ndenc 
Their general tendency toward illustrates these effects 


universal resistance is a valuable char Presence of the cupric ion in sul 
c 


acteristic and offers wide latitude in furic acid accelerates the corrosion 
= at ar < Ss i 


applicz ) weve le 
pplication. However, selection of a rate of the nickel-molybdenum alloy 


more expe » . 
ore expensive alloy does not assure but tends to inhibit the corrosion of 


a successful application. Alloys must the chromium-bearing alloy. In hydro- 


be applied w ‘nginee ; . 
¢ applied with engineering discre chloric acid the nickel molybdenum 


tion, and they are subject to the same illoy corrodes more rapidly in th 


principles of corrosion as are the more 
common materials of construction rABLE I—Typical Composition of Some High Alloys 
The excellent resistance of the 


wrought cobalt - chromium - tung 
sten-nickel alloy to various chlorine Group 1— Ws 
and Cast 

environments is known One test 

Nickel-Mol 
showed the alloy to have original Nickel-Mol 
polish marks after six months of ex _ Chromium 

Nickel-Chron 
posure to a liquid hydrocarbon stream Molybdenum 

Cobalt-Cl miur 
containing chlorine and water. Nickel =< " 

& sten-Nicke 
molybdenum-chromium alloy showed Cobalt-Chr 
sten-Carbon 
heavy etching and pitting. However 
Group 2—Cast 
Iron-Silicor 
underneath retaining washers. If the Iron-Silicon-M 
Nickel-Silicon 


the cobalt alloy showed severe pitting 


resistance of the cobalt-base alloy is 


to be used in this environmer quip — ' , , 
a 7 vas Oe rABLE Il—Effect of Sludge Contamination and Galvanic Coupling with 


Graphite and Carbon on the Resistance of Nickel-Molybdenum Alloy to 
Sulfuric Acid 


ment must be designed to avoid sites 
where crevice corrosion could occur 
Galvanic corrosion should not b 
overlooked. In general, high 
will tend to be the more noble 
couple and any difficulties 
the lower alloy material. Ga 
tack of the high alloys is sometimes 
met. A galvanic corrosion failure of 
two nickel-molybdenum valves, oc 
curred after a few weeks service, be 
cause the valves had been installed 
contact with carbon pipe liners 
Test data, Table II, indicates an ef 
fect of contamination, largely copper! 
which accounted for : ‘tenfold = FABLE Ill—Effect of Ovxidizing Cation Contamination on the Corrosion 
Rates of Nickel-Molybdenum and Nickel-Molybdenum-Chromium Alloys in 
Sulfuric and Hydrochloric Acids 


crease of corrosion rate. Coupling of 
the alloy with graphite, using the 
chemically pure acid carried through 
the valve, gave a hundredfold increase 
in corrosion rate over the uncoupled 
rate. Coupling with amorphous carbon 
increased the rate about 500 times. 

The area of the graphite and car 
bon was about 18 times that of the 
metal specimens but it was estimated 
that the effective ratio would be even 
greater under service conditions 
These data warn against coupling the 
alloy with either carbon or graphite 


under similar conditions 
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Lightness There are a few products in this 
world that you don’t want to be light—like pile 
ilrivers, dumbbells and paper weights. But generally 
speaking, every designer strives for the lightest prod- 
uct that will do the job, especially in things like truck 
trailers and off-highway earthmoving equipment (the 
lighter the unit, the greater the load capacity) and 
in structures like a bridge, which has to support 
itself and a roadbed 

Lightness is easy to attain. For instance, you could 
make a ski pole out of balsa wood, rather than the 
Stainless shown above, and never know you were 
holding it. But almost always as we strive for light- 


ness, we also demand a certain amount of stiffness, 


ductility, strength. More than that, we need a mate- 


rial that can be fabricated on high-speed machinery 


So it’s interesting to note that today, in cases 


; 


where lightness is absolutely vital and hang the cost, 
designers still turn to steel rather than costlier mate 
rials when they need low weight and high performance 


When our lorer I satellite screamed into outer 





ace, it was cased in Stainless Steel. O1 
periormance aircraft, the landing gear 1a from 
ultra-strong steel because each single pound shaved 
from the landing gear assembly saves from 7 to 10 
pounds of total aircraft weight, since it reduces the 
wing area, tl st and fuel required for the speci 
performance Today, as we prepare tor the 
exospheric manned flight, we are completely 
ing the fuselage in steel, because no other 
material has a better combination of lightnes 
high temperature strength. 

In new, light-weight bridges, designers automati- 
cally think in terms of the new alloy and high 
strength steels. They’re so strong that thinner, lighter 
sections can be used, and they have the extra at- 
mospheric corrosion resistance necessary. 

The new steels should be chosen and fabricated 
with care, and the final selection should be made by 
a skilled metallurgist—either on your staff or ours. 
United States Steel, 525 °William Penn Place, Pitts- 
‘burgh 30, Pennsylvania 


United States Stee! Corporation « American Steel & Wire « Columbia-Geneva Steel « National Tube U it d St t St | 
Tennessee Coal & iron + United States Steel Supply « United States Stee! Export Company ni e a es ee 
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Product, Part, Process: 


Aluminum has a remarkably consistent record 
of cutting produc tion cost, Maintenance costs, 
and/or 


wherever it’s used 


shipping costs improving products 


One reason for this is the great versatility of 


this strong, lightweight metal. It continues to 
surprise even designers and engineers who 
have worked with it for years; its applications 
sometimes seem endless 


Anodized Aluminum Strip Conductor, for 
instance, is self-insulating—the anodized film is 
And, Reynolds Aluminum 


Strip Conductor offers 


a non-conductor 
equipment designers 
better electrical performance, reduced weight, 
lower costs in electro-magnetic applications. 


Aluminum Tubed Sheet is another development 
that improves products, cuts costs. It enables 
the designer to send fluids through a sheet in 


any pattern, any flow rate. Used for evapora- 
tors, Reynolds exclusive Tubed Sheet one-sids 
flat provides more and better storage 
easier cleaning. In addition, it does away with 
outside tubing, and the extra labor that it 
requires 


space 


Cost-and-sales-conscious automobile men 
are using more aluminum every year, and one 
of their best uses is in automobile grilles 
Aluminum grilles can be produced in a number 
of cost-cutting ways: extruding, roll-forming, 
stamping, extruding and perforating 

Aluminum, with its production flexibility, 
gives greater freedom to designers, as well as 
lower costs to manufacturers. It gives manutac- 
turers a selling plus, too, because an aluminum 
grille, clear or color-anodized, won’t chip, pit, 
peel, flake or rust 


REYNOLDS 


CIRCLE 221 READER SERVICE CARD 
20 Product Engineering — Design Digest Issue 





METALS AND ALLOYS 


Electric Glass and Flexible 


Fry Pan | Ceramics | Duct 


ll better lower cost with Aluminum 


Brazed-element aluminum fry pans can solve Take advantage of 
1 lot of manufacturing problems. The element ind production flexib 
can be brazed to the pan body easily. With no for improved products 
surface porosity, the aluminum pan is easier to on the characteristics 
clean more attractive Brazed elements also illovs or tor techni 
provide faster, more even heat distribution. Reynolds Design 
through 
Aluminum chemicals — hydrated, calcined and 
activ ited ilun nas serve many industri s 
Reynolds hydrates and calcines, for example 
make glass and glazed ware more sparkling 
ceramics more heat resistant, less breakable 
Reynolds Wrap aluminum foil is best known 
for its 1,001 home uses, but industry uses foil 
too. For example, the walls of flexible tubing 
This tubing is tough, flame resistant, and has 
good reflective insulation and air-flow charac 
teristics. It is said to cut air conditioning duct 
installation costs up to 30%. 


are made with 


ALUMINUM Sia 


Watch Reynolds All-Family Television Pro m 
“DISNEYLAND”, ABC-TV 
CIRCLE 222 READER SERVICE CARD 
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Experience—the added alloy in A-L Stainless, Electrical and Tool Steels 


Allegheny Ludlum knows more about stainless 
than anybody... and puts it in print for you 


erature, designed to help you learn 


Allegheny Stainless and how it can improve your 

is just one help offered by Allegheny Ludlum 

get the best assistance from trained salesmen and 
help you on you specific prot lem 
ishes and alloys of stainless than any other company All this service is available nat gh your Allegheny 
Backing up its quality products are research and devel- sales engineer. Call him today. Or 


nr 


opment facilities with peop sle second to none the 


to 
t 


A-L produces more different sizes, shapes, nicians, ready 
f) 


, as a Starter, write for 
iblication list describing the over 150 technical 
With know-how and experience gained over the years, pieces made to assist you 

Allegheny Ludlum keeps little of it secret: it offers the Allegheny Ludlum Steel —- Oliver Bldg., 


most complete selection of literature available anywhere Pittsburgh 22, Pa. Address: Dept. PF- 


ALLEGHENY LUDLUM 


for warehouse delivery of Allegheny Stainless, cal YER 


Export distribution: AIRCO INTERNATIONAL 
SVERY FORM OF STAINLESS EVERY HELP IN USING IT 
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KK 


POWDERED 
METAL 
PARTS 


SELF 
LUBRICATING 
BEARINGS 


NTC 


RESISTORS 
(THERMISTORS) 


CARBON AND 
METAL GRAPHITE 
BRUSHES 


eyilone OF.OUR BUSINESS 


is MOLDING and SINTERING! 





Four areas of manufacture and sales—one basic production 
technique! We specialize in molding and sintering many differ- 
ent powdered materials—carbon, graphite, metals and metal 
oxides—for a great variety of end uses. We apply the experience 

SK gained in one field to the advantage of all. ¢ Our centralized re- 
search and engineering development helps lower costs and im- 

CARBON prove the performance of each Keystone product. We invite you 
COMPANY to benefit by our pioneering—our quarter-century of broad ex- 


perience—our special manufacturing resources. Let us consult 


ST. MARYS, PA. 


on your needs, and quote on your requirements! 
n Powder Metallurgy Re 


esign, Manufacture since 1927 
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The world’s standard for quality 


and uniformity! 


In a vast number of applications, there is no substitute 
for tin as a design material. It is a versatile, hardworking 


partner of copper, lead, zinc, cadmium and other metals. 


Design engineers turn to tin because of its unique combination 
of advantages: inertness to ordinary corrosive agents, nontoxicity, 
antifriction qualities, high malleability, to name only a few. And it Is 


economical—a little of it goes far. 


Straits Tin from Malaya is the finest. It is world renowned for its high 
quality and uniformity. You can depend on a reliable supply 


of Straits Tin from virtually inexhaustible reserves 


nd you TIN NEWS, a free monthly 
keep you posted on tin supply 


ses and applications. Write today 





THE MALAYAN TIN BUREAU 


DEPT. 32K, 1028 CONNECTICUT AVE., WASHINGTON 6, D.C. 
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HOW ZINC-COATED STEEL SHEETS 
KEEP PRODUCTS-AND MANU 


WEIRTON STEEL 
COMPANY 


WEIRTON, WEST VIRGINIA 


* TION 
ote! ee tnt il batch 





METALS AND ALLOYS 


Versatile 


ACIPCO 
SPUN TUBES 


Stainless steel, carbon steel, alloy iron or special analyses 

versatile Actpco tubes are ‘“‘custom-spun”’ to the exact 

physical, chemical and metallurgical specifications required 

by design, manufacturing and end-use conditions. SIZE RANGE: Lengt! 
bh 


Because they are centrifugally spun, the metal grain struc- ave been produced to meet mod 
ture of Acrpco tubes is dense, non-directional and porosity- machinery requirements. OD's fron 


tn SO | nr r 
0 OU wali thicknesses f 


. _ 2.2 
free. This superior grain structure not only makes AcIpco r 


5 
ANALYSES: A! 


steel and cast iron, 


tubes easier to machine to close tolerances, but also results 
in greater strength and durability. In addition, the inherent 
dimensional stability and concentricity of Acipco tubes make 

; Paige corrosion resistant stain 
dynamic balance easier to attain in finished products. 

Acrpco’s compiete, integrated facilities for casting, heat- 
treating, machining, fabricating and testing offer the addi- 
tional advantages of ‘‘one source—from start to finish’”’ 
service 


plain carbon steel and special analyses 


FINISHED: As cast, rough mach- 
ined, or finished machined, including 
honing. Complete welding and mach 


. . . . shop facilities for fabrication 
Call or write today for information about Acripco tube 





applications in your field, or for expert technical assistance 
on your specific tubular metal problem 





ee ° 
) 
Pe Sih : FABRICATION 
jes : c lete, ted facilities for 
ting LO ae =. i Someteee. iutapetan tepimnes tor 
NS t 
- 


a treating of tubular parts save time and 
Li : : , f expense for ACIPCO customers 
5 " 5 — 
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SPINNING 


ACIPCO tubes are centrifugully 
spun to exact physical and metal- 
turgical specifications. Thus, the 
exact size and metal analysis your 
process or project requires is as 
sured 


HEAT TREATING 


Modern equipment for uniform, 
controlied heat treating and 
quenching is an ACIPCO advan- 
tage for users of steel tubes where 
specific physical, mechanical and 
other metal properties are required 


MACHINING 


ACIPCO'S machine shop, one of 
the South's most completely 
equipped, performs a full range of 
machine shop operations including 
turning, boring, drilling, facing 
grinding, metalilizing, polishing 


1 
Say 4 


~ 








and honing 


TECHNICAL ASSISTANCE 


A staff of highly trained engineers 
metallurgists, chemists, and craftsmen 
is available to designers and manu 
facturers who specify ACIPCO spun 
tubes 


Special Products Division 


ME RICAN 


OF 6 — 6 ae © — 5 @) SOP = 2 © = 3-1 @ OP 


PHONE AL 1-8121, EXT. 285 + BIRMINGHAM, ALA. 
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High-Strength Steels 
make your product 
last longer and/or 
weigh less 


Longer life and/or lighter weight come nat- 
urally when you use N-A-X HIGH-STRENGTH 
steels. One of these two steels may fit th 
specifications of your product: 


N-A-X FINEGRAIN STEEL 
N-A-X HIGH-TENSILE STEEL 


Both are low-alloy, high-strength steels wit! 

many diversified applications in modern met 

design. Compared with mild-carbon ste« 

e They are 50% stronger 

e They have high fatigue life with great 
toughness 
They have greater resistance to wear or 
abrasion 

@ They are readily welded by any process 

e They are stable against aging 

e They can be cold formed readily into 
difficult stampings 

e They polish to a high luster at minimum cost 


N-A-X FINEGRAIN’S resistance to normal at- 
mospheric corrosion is twice tha 

carbon steel. Whe re preater re 

extreme atmospheric corrosion i 

N-A-X HIGH-TENSILE 1 

Let us show vou how vou ¢ 

STRENGTH steels to make 

longer and/or weigh I 


7: ¢ GREAT LAKES STEEL CORPORATION 


HIGH-STRENGTH STEELS V i,’ 
NATIONAL STEEL WAR) CORPORATION 


/ 
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How these “educated” steels 
make products behave better 


@ Nobody will deny that there can be a vast difference those tremendous trifles! In turn, this learning and 


between steels that are supposedly alike. The difference experience is put right into the Athenia steels that 


in “tremendous trifles’’ that often make all the successfully meet many of the toughest assignn 


difference between smooth and erratic fabrication or known today 


between satisfactory and faulty product behavior 
| , If your production calls for cold rolled flat steels 


the steels shown above are ‘“‘educated’’, you carbon or higher, from .015” to 16"’ wide and from .001 


iy —educated for special use. Because here at the to .065” thick, it would be a good idea to explore Athenia 


Steel Division of National-Standard we’ve con quality, performance and service 


centrated for vears on learning about and controllin 


NATIONAL (=) STANDARD 


DIVISIONS: NATIONAL -STANDARD, Niles, Mich.; + twires + WORCESTER WIRE WORKS, Worcester, Maes.; Si9% e00¢ ow card 
WAGNER LITHO MACHINERY, Secavous, N. Vv 


B28 


met ATHENIA STEEL, Clifton, N. J af, high card 


spring steels REYNOLDS WIRE, Dixon, ti 
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arc welding 
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THINKING 
ABOUT 


yz TITANIUM 
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MALLORY-SHARON TITAMIOM ALLOYS 
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Help yourself to this helpful data 


Mallory-Sharon, as a pioneer in titanium technology and largest integrated 
producer of special metals, offers you a wealth of technical assistance mSnTWWET 
both in print and in person 


; Technical bulletins on titanium’s properties and advantages are available mowes 4pm 
through Mallory-Sharon headquarters or sales offices. They're yours for . : 
the asking. Use coupon below a 


On special problems or applications, our experienced Service Engineering 
group is ready to work with you. To make use of this application service 
just phone or write your nearest Mallory-Sharon sales office 


eto, 
MALLORY SHARON ster sve sons ore: 





US A.W 


MALLORY-SHARON METALS CORPORATION «+ NILES, OHI( 


Arc Welding Titaniun 


Mallory-Sharon Metals Corporation 
Machining Recommendat ‘ peated Niles, Ohio 


Titanium Alloys and checked 


hanic el ael el: 
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FOR PRODUCTION SHORTCUTS... CAN THESE CHARACTERISTICS 


Cald Drawn Seamless Steel Fubing IMPROVE YOUR PRODUCT? 


Strength * Beauty * Light Weight 
eer. ee Durability * Workability 


Easier Fabrication 


f 
Uniform Strength METAL BONDED TO PLYWOOD 
q o _ a Y ’ 4 
Dimensional Accuracy 
: has them ALL! 


PRESSURE TUBING 


Longer Tube Life 













Met-L-Wood is metal bonded permanently to 
plywood to create a material of real versatility for 
industrial engineers and designers. Many different 
metals, woods, shapes and finishes are available in 
Met-L-Wood to meet your needs—from table tops 
to moisture-vapor-proof rooms...And Met-L-Wood 
Engineering Service is yours for 3 
the asking. Write for the bulle- = 

* 


MECHANICAL TUBING tin described below for details Me = 


Excellent Machinability FREE TECHNICAL DATA BOOK / IER 
Met-L-Wood Bulletin 521 contains tech 


Broad Applications 


Easily Coiled or Rolled 











Smoother Surface Finish ales! date. enolication shetes ond a ‘ 
. facts to help you visualize the pos oe 
Save me, Mater 
Saves Time, Material j sibilities and economies of Met-t Ap / 
| Wood. Send for yeur copy now ~y 
Write for Bulletin 521 —" 


MET-L-WOOD 


MICHIGAN SEAMLESS TUBE CO. 





GULF STATES TUBE CORP. 





oe 


Z CORPORATION 
6755 West 65th St., Chicago 38, Illinois 
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if the question is perforating .. . 


Ever stop and think that the 

answer to your design problem 

a& may be simple perforations? 
Whatever material you're working 
with, if it’s metal, masonite, 
rubber, plastic, hard or insulated 
board for decorative or display 
usage, Hendrick can help you 
Over a period of many, 
many years, Hendrick has built 
up the largest stock of dies 
commercially available. 





USE 
THE 
READERS 
SERVICE 
CARDS 


on pages 18 & 19 


for: 
additional product 


If you are faced with the need 
for perforated materials 





the answer is HENDRICK' Soy 


~ 


=] 


or if you would like 
more information on how 
perforating can enhance 
the sales appeal of your 
products, get in touch 
with Hendrick today. 


FHENAick  srcsciccrerins compery 


36 DUNDAFF ST., CARBONDALE, PA. @ Sales Offices in Principal Cities 


Perforated Metal + Perforated Metal Screens + Wedge-Slot Screens + Architectural Grilles + Mitco 
Open Steel Flooring + Shur-Site Treads + Armorgrids 





information 


copies of catalogs 
& bulletins 
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Sh ONE DEPENDABLE SOURCE for all your fabricated metal parts 


only MUELLER BRASS CO. offers 


all these metal fabricating methods to assure 
you the best product at the best possible price 


To obtain the desired physical and design requirements in a part at the lowest unit cost, there is usually 
one specific process by which that part can be most successfully and economically manufactured. Because 
the Mueller Brass Co. offers all these methods of production, you get sound engineering, the best method of 
fabrication and the assurance of getting the best product at the lowest cost. Sales and engineering service 
is available to you at Mueller Brass Co. offices throughout the United States. Make Mueller Brass Co. your 
one dependable source for all your fabricated part needs 


forgings 
The Mueller Brass Co. is the world’s largest pro- 
ducer of brass, bronze and aluminum forgings 


impact extrusions 


The Mueller Brass Co. now offers “Cold-Prest” 
non-ferrous and ferrous impact extrusions. Flex- 
ible new facilities makes practical either long or 
short production runs of simple or complex shaped 
ports on an economical basis 


screw machine products 


The Mueller Brass Co. maintains one of the 
largest automatic screw machine departments in 
the country, specializing in the manufacture of 
non-ferrous parts completely equipped to 
perform secondary operations 





powder metal parts 


Precision ferrous and non-ferrovs powder metal 
ports ore available from Mueller Brass Co 
through its subsidiary, The American Sinteel Cor- 
poration 


castings 


The Mueller Brass Co. has a modern foundry 
equipped to produce quality brass and bronze 
castings to your specifications 


formed copper tube 


The Mueller Brass Co. offers complete facilities for 
producing formed copper tube shapes and as- 
semblies to the most demanding tolerances 


also producers of: 


Super Cutting Red Tip Brass Rod * Aluminum Ex- 
trusions * Aluminum Sheet, Coil and Strip * Plastic 
Pipe and Fittings * Copper Tube and Solder Type 
Fittings. 
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METALS AND ALLOYS 


8 AM: 


A NEW 


IN BEARING 
APPLICATIONS 


Availability of Sintered Powdered Metal Bearings and 
machine parts from a fully competent and technically 
responsible source opens the way to improvements in 
mechanical products. 


Bunting facilities for designing, engineering and 
manufacturing of Sintered Powdered Metal Bearings and 
parts are as comprehensive and responsible as the traditional 
Bunting competence in the field of Cast Bronze Bearings. 


\ competent group of Bunting Sales Engineers in the field and 
a soundly established Product Engineering Department put at 
your command comprehensive data and facts based on wide 
experience in the designing and use of Cast Bronze and Sintered 
Powdered Metal Bearings and parts. 


Write for catalogs and your copy 
of the new 24 page Bunting 
Engineering handbook 
of Sintered Powdered 
products and their 
composition, 
manufacture and 
application. 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company + Toledo 1, Ohio + Branches in Principal Cities 
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Catalogs 
and 
Bulletins 


To obtain copies of literature 
described below, circle corre- 





sponding number on reader 
service card. 


(N-1) Metal Powder Parts—Brochure 
8 pp. Outlines possibilities and re 
quirements. Includes design pointers 
Compacted Metals Corp., 99 Green 
wood Ave., Waukegan, Ill 


(N-2) Cobalt-base Alloys—Booklets, 
16 pp. each. Describe properties of 
alloys No. 21 and 31. List chemical 
composition, physical and mechanical 
properties of each alloy. Haynes Stel 
lite Co., Div., Union Carbide Corp 
30-20 Thomson Ave., Long Island 
City 1, N. Y 


(N-3) Anodized Strip Conductor 
Brochure EE-2-10-158, 12 pp. Discuss 
idvantages, application, heat transfe1 
ind joining. Includes an application- 
data computation chart. Reynolds 
Metals Co., 2500 S. 3rd St., Louis- 
ville, Ky 


(N-4) Low-temperature Melting Al- 
loys—Booklet J4, 8 pp. Illustrates and 
lists 63 applications of alloys in metal 
working field. Also included are brief 
descriptions of various alloys and 
physical properties. Cerro de Pasco 
Sales Corp., 300 Park Ave., New 
York 22 


(N-5) Sponge Iron Powder—Brochure 
112, 8 pp. Covers typical chemical 
analysis, some of the important basic 
and green properties, and presents 
graphically results of tests on plain 
iron mixes, iron-carbon mix, iron-cop 
per mixes and_ iron-copper-carbon 
mixes. Hoeganaes Sponge Iron Corp 
Riverton, N. J 


(N-6) Structural Sandwich—Brochure 
+ pp. Fabrication, connections, inspec 
tion, assembly and efficiency of the 
sandwich are described. Zahorski En- 
gineering, Inc., 133 E. Canon Perdido 
St., Santa Barbara, Calif 
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METALS AND ALLOYS | 1B 


For control of wear due to 


IMPACT and 
ABRASION 


7 eA — 1 er @ 
Ferrous Alloy Castings 


Types of Alloys 


. Amsco® is the world’s largest producer of austenitic 
Available 

manganese steel castings. This material—‘the toughest 
Manganese Steels—in addition 99 : : , , 

to the standard manganese steel known’’—finds wide application in the mining, con- 
teel (Hadfield’ al , : x. — : , on . . 
Aanasn gondeann Guar enaaiaiie struction and quarry industries—wherever severe weal 
alloyed manganese steels. . : ant a , aet -- ao far 
Chasen OF ceaiebdenmen due to impact and abrasion is a factor. 
are added to improve yield 


In addition, Amsco produces nine other ferrous materials 
strength, ductility and/or 


resistance to advance effects which vary widely in analysis, character and performance, 
of heating. : . F 


, ; This permits Amsco engineers to make an impartial 
Chrome-Moly Steels—Pearlitic, - 


air-hardening steels alloyed recommendation on the best material for almost any spe- 


with chromium and molybde- af : 

num are available in two cific wear application. Such recommendations normally 
forms. Both have higher tensile : 4 . . . . 
strengths and, in some appli- require a careful appraisal of a// factors affecting wear-life 
cations, longer wearing prop- 


erties than manganese steels. —including original cost, maintenance cost, service life, 


Multiple-Alloy Engineering application characteristics. 

Steel— Martensitic, high- . ° : 
performance steel alloyed with Amsco engineers are equipped to give 
chromium, nickel and molyb- . — : . 
denum for use in combining you specific information on the types of 
engineering-abrasion applica- : : 7 — , : acid 
sions. Dovelons vary binh ton alloys listed here. Call in your nearest 
sile properties with good duc- 
tility and impact resistance, 


High-Chromium Iron—Has for a copy of Booklet S-57—Amsco Ferrous 


excellent abrasion resistance ’ , 
. Vv .) vs, 
with high compressive strength All J Ca: ting 


and low ductility. 


Amsco representative. Or write us direct 





American Manganese Steel Division ° a a 


OTHER PLANTS IN: DENVER, LOS ANGELES. NEW ASTLE. DE AKLANDI Al T t 


= ADAS&O©.. 
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AND ALLOYS 


“X”’ are pro- 


Stainless Steel, 
Woterbury, Conn. 


any, Ine. 


© 
« 


” to .020”. 


of one of the largest Sendzimir mills 
0 


n 


write for field engineer or Confidential 


t range of dimensional specifications, since it 


ef 


in 


For a complete survey of your strip problems at no cost 
Somers Brass Comp 


or obligation, 


Pure Nickel, Monel, Inconel and Inconel 
Data Blank. 


is already supplying thin strip down to .0001” in narrower 


widths 
] 
electrolytic Copper and its alloys, such as Brass, Nickel 


Silver and Phosphor Bronze from .0001” to .010”. 


duced in gauges from .00 


the broades 
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4 Baldwin Ave 


Catalogs and Bulletins continued 


(N-7) Rolled Tube Sheets—Brochure, 
8 pp. How process permits a designe! 
to create any pattern of tubing with- 
single homogeneous sheet of 
metal. Available sheet 
dimensions, pressure ratings included 
Western Brass Mills Div., Olin Ma 
thieson Chemical Corp., East Alton 


in a 


sizes, tubing 


(N-8) Boron Nitride—Bulletin, 4 pp 


advantages and uses of 


ceramic 


Properties, 
this impermeable 
Contains typical analyses, tabulations 
of oxidation in air, and other 
acteristics. Carborundum Company, 
P. O. Box 337, Niagara Falls, New 
York 


material 


char- 


(N-9) Commercially Pure Titanium 
Brochure, 8 pp. Describes properties 


and corrosion-resistance of pure ti 


tanium. Typical chemical composi 
tions and 
tabled and various physical properties 


chart 


mechanical properties are 


are discussed. A summarizes 
Fabrication 
techniques are also outlined. Mallory 
Sharon Metals Corp., Niles, Ohio 


corrosion resistance 


(N-10) Specialty Steels—Brochure 12 
pp. Various grades of steels, together 
with castings, welding electrodes, mag 
nets, springs, and tool bits, are dis 
cussed in relation to heavy equipment 
Recommended technical manuals and 
Crucible Steel Co 


Bldg., Pittsburgh 


aids are described 


of America, Oliver 


> 


Manual 


properties ol 


(N-11) Aluminized Steel 
pp. Covers mechanical 


steel, fire and corrosion-resistance 
high-heat reflectivity, general proper 
ties, sizes, gages and forms, fabricating 
and storing and hand! 


Armco 


and finishing, 
ing. Typical uses are pictured 
Steel Corp., Middletown, Ohio 
(N- 12) Stainless Steel 


echnical 


Catalog 32 pp 


digest of stainless gives 


description chemical composition 


Strength factors, physical properties 


and typical applications. Also includes 
and surface-patterned 


Steel 


forging ingots 


stainless steels. Sharon Corp 


Sharon, Penna 
(N-13) Copper and Brass—Stock List, 
Items and sizes available for 


Tabbed for eas\ 


60 pp 
immediate shipment 
reference. American Brass Co., Dept 


RS, Waterbury 20, Conn 


METALLIC 
TAPES 
for 


INDUSTRY 


For recording, electronic com- 
puting and other applications 
where close tolerance, controlled 
surface than 
inches), burr-free slit edge and 
maximum continuous length are 
essential, SOMERS quality metal- 


lic tapes are a must. 


(less 10 micro- 


Currently being produced are 
Nickel, Copper and alloys in- 
Inconel, Brass, 

and Nickel 
Steel. 


cluding Monel, 
Phosphor Bronze 
Silver and Stainless 
Gauges range from .000175” to 
.010" and widths from Ye" to 
25” depending on thickness. 


Whatever strip problem 
may be, you'll find satisfaction 
with SOMERS THIN STRIP. Write 


data blank or 


your 


for confidential 


‘field engineer. 


Somers Brass Company, Inc. 
114 BALDWIN AVENUE, WATERBURY, CONN 
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1a new dimension to 

Choose any 

é for harmony or identificatior 
(Sales appeal?—ask the camera manu 
facturers.) It’s lustrous, lasting color 
part of the metal 
doesn’t distort din 


id color anodiz 


color that 
1s1ONS 
1g has another side 
1¢ weather side. The tough oxide 
film formed in the process virtually ends 
corrosion and abrasion. It’s not a painted 
or plated surface, so there’s no chipping 
or peeling 

Of course, color’s only part of the 


story 


You save important product 


METALS AND ALLOYS 


Design freedom 
Starts with 


Alcoa Aluminum 


C. 








YOU CAN GET SCREW MACHINE PARTS IN ANY COLOR 


tch to color-anodized parts of ALCOA 


with aluminum without sac 

of business mé lunes, pl 
board motors have proved 

Aluminum gives exceptio 
ability, limited almost 
machine capacity; high el 
thermal conductivity; a 
finish. It always weighs less ar 
quently costs less than steel or bra 

ALcoa’s new booklets about 
machine stock contain direct qué 
from designers, production engineers ar 
purchasing agents of leading indu 
on why they switched to al 


We'd like you to have a copy 
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Catalogs and Bulletins continued 


(N-14) Ceramic Industrial Parts—C at 
alog, 4 pp. General facilities and 
product review of the company. De 
scribes ceramic-to-metal composites 
and ceramic components. Sylvania 
Electric Products, Inc., Parts Div 
Warren, Penna 
Window Sash Door Opener 
Member Tread Plate (N-15) Welded Steel Tubing—Bro 
chure, 4 pp. Lists sizes, gages and 
finishes. Typical uses are given. Also, 
information on engineering services 
Southern Fabricating Co., Inc., Shef- 
Commercial field, Ala 
Door Shape 
(N-16) Damping Vibratory Stresses 


4 more cost-cutting examples of Data sheet, 4 pp. Analysis of capacity 


of a material to absorb vibratory 


stresses. Characteristics and examples 
are given along with performance 
data. The Meehanite Metal Corp., 
714 North Ave., New Rochelle, New 
York 

ca 


t (N-17) Metal Products—Catalog 5 A 
Am, 20 pp. Covers copper and copper! 
alloyed with zinc, tin, nickel, alumi 


Appliance num, lead, silicon, manganese, teluri 
Trim Section um, chromium, phosphorus and other 





Bleve are mor exampl s of PE. Aluoionm elements in combinations to form 
“re are ee e . 


Extrusioneering. All angles, flutes and 
varying thicknesses required for each piece 
are produced in a single operation without 
machining. Each design offers inherent ad- 
vantages of greater strength in less weight 
and the plus benefits of a durable, non- 

corrosive finish. As indicated, the experience 
5,000 SHAPES 2. enaians ides invaluable aid i 
Salih se Sheek eveliitite within of P-E engineers provides invaluable aid in 
out die charge in a wide range the functional design of extruded shapes 
of rod, bar, and tubing sizes, ° ° ° ° 
and numerous shapes which effect substantial savings in manu- 
facturing costs. 


sheets, plates, strips, wire rods, bars 


seamless tubes, extruded, rolled and 





drawn special shapes and die-pressed 

ADVANTAGES OF 
P-E EXTRUSION 
MILL SERVICE 


forgings. Includes characteristics and 
specifications of the various materials 
to form shapes, tubes, rods, bars and 
others American Brass Co Water 
bury 20, Conn 


(N-18) Steel Tubing Weights—Book 


let, 12 pp. A standard factor for con 
NON-COMPETITIVE 


We produce extrusions only, do 


po chnagattanr abrir anagem gdh 4 SIMPLE, COMPLEX —LARGE OR SMALL square or rectangular tubing is given 


other product. You get experi- > 
enced, confidential help in creat- in the booklet. Simplified instructions 


ing any speciol shape to suit You'll find P-E is also well equipped to 
our need . . 

. _ produce almost any type or size extrusion 
LOW DIE COST to serve your needs. For example, there are saat toll aes nner 
Experienced engineering, de- ¢ js less stee tubing Revere Coy per an 
sign, and die making services over 5000 standard cataloged shapes avail- ous Ene amen bite Co. Biv. Bon 
tove you time and money, make . 2 - ae Boas a . < . or 4 . 4 i 4 

scaail ab dameniasenik kame able without a die service charge, or, if 111. Rome. N. Y 

practical necessary, special shapes can be designed 
VERSATILE EQUIPMENT and experimental runs provided at low cost 


Small, medium, and large 


verting round steel tubing weights 


for determining weights are included 


Data is applicable to welded or seam 


(N-19) High-Temperature Alloys 
Scibesh. Gaounetatn binant Booklets, 28 pp. each. Properties of 
cilities from billet casting to WRITE FOR FREE CASE STUDIES — For more ez, wrought cobalt-base alloy and a nick- 
finished extrusion facts about P-E’s Extrusioneering service : 
write for case study bulletins illustrat- 
ing actual solutions to design problems. 


to suit your specific needs. 


Presses permit economical pro- 


el-base alloy available in both 








wrought and cast form. Both booklets 





contain sections on physical proper- 





ties, short-time tensile data and stress 
PRECISION EXTRUSIONS, INC. 
729 E. GREEN AVENUE © BENSENVILLE, ILLINOIS 
Phone: POrter 6-0098 © (Chicago) TUxede 9-1701 methods for welding. forming and ma 
chining. Havnes Stellite Co., div 


Chicagolanas Oldest, Most Experienced Aluminum Extruder Union Carbide Corporation, 30-20 


rupture and creep data. Describes 


Sales ST. PAUL MILWAUKEE GRAND RAPIDS PHILADELPHIA LOS ANGELES Thompson Ave., Long Island City 1 
' § 


Offices Mi 6-2887 BR 3-6446 Gl 1-251 MA 7-6860 BR 2-872) 


New York 
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NONMETALLIC MATERIALS 


AND FINISHES 


* 


=> 
i) : 
ae 


Developments in Porcelain Enamel Coatings 
Magnesium Alloy Treatments 


Relationship Between Properties of Epoxy Resin 
by John Delmonte 


Effects of Medium on Materials 


Glass-protected Steel 
Plastics Properties Chart 


Comparison of Phenolic and Polyester Premix Materials 
by J. J. Colao and M. M. Gurvitch 


Considerations for Friction Materials 
by Theodore W. Driesch 


GENERAL 
ENGINEERING 


METALS 
AND ALLOYS 


NONMETALLIC MATERIALS 
AND FINISHES 


FABRICATION AND 
PRODUCTION PROCESSES 


POWER 
TRANSMISSION 


MECHANICAL PARTS 
AND DESIGN ANALYSIS 


FASTENING 
AND JOINING 


MOTOR, ENGINES 
AND CONTROLS 


ELECTRICAL AND 
ELECTRONIC COMPONENTS 


HYDRAULIC AND 
PNEUMATIC EQUIPMENT 





NONMETALLIC MATERIALS AND 


Fig. 1—Washer tubs are conveyed through an automatic 
pickling machine before being porcelain enameled. Tubs are 
spray alkaline cleaned. 


FINISHES 


Fig. 2—Corrosion resistant porcelain enamel lining is auto- 
matically sprayed on a hot water tank. Shells are moved by a 
conveyor to the spray, drying, and firing operation. 


Developments in porcelain enamel coatings 


Material improvements, processing developments, future research add up to 


a material that can meet greatly increased engineering requirements. 


Porcecain enamel can be defined as a substantially 
vitreous or glassy, inorganic coating bonded to metal by 
fusion at a temperature above 800 F. Actually porcelain 
enamel is not a single material, but a whole class or 
family of materials that vary widely in composition and 
properties, but which have many characteristics in com- 
mon. There are thousands of formulations, each custom 
engineered to give best results under specific service con- 
ditions. For example, high temperature ceramic coatings 
for jet engines and exhaust parts are a special type of 
porcelain enamel formulated to protect a base metal 
against high temperature and corrosion. Similarly, indus- 
trial process equipment is lined with specially form- 
ulated porcelain enamels 

Selection of suitable porcelain enamels must be made 
on the basis of end use requirement. Table I shows some 
general characteristics and properties. These values are 
being met by thinner coatings than it ever was possible 
to achieve before. These thin coatings have the same or 
improved qualities and properties, but they give greater 
durability, are more resistant to impact damage and ex- 
tend the possibilities for design of parts 

Similarly, improvements in porcelain enameling opera- 
tions—mechanization, new processes, new equipment 
have a direct bearing on the quality of the finished prod- 
uct; and coupled with the improvements in coating char- 
acteristics and properties, an all-around better product is 
possible. Processing developments are extending the serv- 
ice life and reducing the cost of manufacture. Equip- 
ment improvements are improving quality of the coating 
and new and wider material uses are being developed. 


C2 


FRIT AID BASE METAL DEVELOPMENTS 


By custom designing the frit and base metal to meet 
the particular service requirements of a new product, the 
quality and specific properties of the coatings are im- 
proved. Now porcelain enamels can be formulated for 
extremely high acid resistance, alkali resistance, high tem- 
perature corrosion resistance, abrasion resistance, impact 
resistance and other engineering and design problems 

Newly developed frits require lower firing temperature 
for maturity, thus allowing the use of cold rolled steel 
aluminum base metals and less critical design and fabrica 
tion of parts. Besides reducing costs the application of 
porcelain enamel to a variety of new metals permits prod 


ucts that otherwise could not be developed 
New colors, textures and finishes have been developed 


to meet the needs of industry. These include colored 


titania enamels as well as satin, mat and semi-mat and 
metallic finishes. Porcelain enamel is available in three 
main classifications of finish—glossy, which offers mini 
mum friction, ease of cleaning, highest reflectance and 
greatest sheen; semi-mat or satin finish for decorative ap 
plications; and full mat for use where a little tooth is de- 


sired such as for chalkboards. 

Acid-resisting enamels are not new, but have always 
been considered a premium product, and difficult to pro 
duce consistently. Today, new acid-resisting frits of good 
workability and superior appearance properties are avail 
able and the majority of products are of this type 

All procelain enamels have good resistance to cold ot 
mildly warm alkaline solutions. This has never been a 
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NONMETALLIC MATERIALS AND FINISHES 


vantage of these metals is that panels can be cut, punched 


and drilled without danger of corrosion to the underlying 


metal. In some applications, where the strength of steel 


and the corrosion resistance of aluminum is desired 


porcelain enamel is applied to the coated steel 


PROCESSING AND 
EQUIPMENT DEVELOPMENTS 


New improved methods of pickling or cleaning meta 
pieces bDelore enameling have been developed, and in 


cases, Operation Is now compk ly automatic. New 
' 


techniques in spraying and dipping a ilso being used 


One recent development is dipping ma 


chine which permits the application ( ground coat and 
over coat to hollow products 


[ pplication of 


ground coat to flat products. Anothe pplication method 
Fig. 3—Close-up of tank shell on automatic spraying equip- s the flow coating process. In the field of 


1 ¢ 


atomizatio! 
automatic spraying machines which in 


ment. Tank is rotated in a horizontal position as the spray there are now 
arm is moved through the interior end to end. 


rove efficiency and control in this of tion and speed 


up the production line 
problem intl 3 temperatul B COMOSIVE solution Electrostatic spraying s contr echanizatio1 
re recently encountered w new alkali resistant frits nd less costly operation. The ves chargine 
re available to meet y rea ble service requirements the costing materieh tp 0 anuetix o that it ‘will 


The mixing of two ; thi rits ground coats and the 


seek out and deposit on an object of opposite 
‘nt of steel ha polarity, the base metal, for example 
lowed more consistent produ if the newe! As a result low temperature firing of both stee 
opacified cover coat fr a a reduction If Over d aluminum, the convection heated enameling furnace 
“ ergs wood anne we one game _ as evolved Units are either continuous or intermittent 
chanical damage to reduced ype which allow closer temperature control and 
[he trend toward lower iring peratures and frit prod ict to b irried yr onvevors. tl 


formulations to accom late these lower temperatures 
have permitted the u f lighter gage steels. Reduced 


deformation of the ste uring fi ilso permits the PORCELAIN ENAMEL RESEARCH 


ts and 


use of non-premium steels \ ut properties Development work is already being 


New premium grades of enameling permit the ap high performance frits, flame spray base metals 


plication of porcelain enamel co at di to the instrument controlled automation and 1 oroduct us¢ 
steel without the use of a ground coat Lower firing temperature and one 


Porcelain enamels have been developed for applica- 
aluminum and sp il stainle One 


ucations will 
be improved and new engineering uses | be found for 


ad porcelain enamel coatings 


TABLE I—General Characteristics and Properties of Porcelain 
Enameling 





Hardness 
Abrasion R 
PEI Test 





Fig. 4—Electrostatic spraying process. th 1000 grar 
Units are conveyed around the spraying her temperatures are resisted by 
head. Porcelain enamel is pumped to his is for norma! applicat seigge e 
the atomizing disk (center) and thrown od porate reap eae vay 
by centrifugal force. 
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From: Magazine of Magnesium 


agnesium alloy 
treatments 





Recommend M-1 
vith chrome pickle on other all 


nt bas¢« r all types of exposur¢ 


rnate for dichromate pickle 1 
can be tolerated. Can also be 
Satisfactory paint base all « 


ctive and decorative 





Aircraft Corp.; HAE and REFERENCE 
NBS by National Bureau Index to Chemical and Electrochemical 
by the Dow Chemical ¢ 
Magnesium Alloys Published quart 


Magnesium, Brooks & Pet 
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From: ASTM Bulletin 


Relationship between 
properties of epoxy resin 


JOHN DELMONTE, President and General Manager 


Furane Plastics, Inc 
s 


Certain correlations permit electrical parameters 


to be used to observe mechanical property changes. 














big. 2—Flexural strength as a function 


Fig. 1—Volume resistivity shown as a function of test tempera- of test temperature for cast epoxy resin 
ture for cast epoxy resin cured with three different curing agents. cured with three curing agents 
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Fig. 3—Dissipation factor at various frequencies of cast epoxy 
resin cured with three curing agents as shown in Table IL. 


Epoxy resins are ideal materials to 
compare physical and electrical prop- 
erties. Low shrinkage and absence of 
volatile constituents during cure in- 
sure stable solid dielectrics suitable 
for examination. 

When adequate 


established, the electrical parameters 


correlations are 


may be used to observe mechanical 
changes in dielectric materials. These 
observations are usually nondestruc- 
tive, whereas mechanical tests are gen- 
erally destructive Also, data offers 
information on the influence of the 
service conditions of stress and tem- 


perature on dielectric behavior 


TEMPERATURE CHANGES 


Changes in electrical and physical 
properties of an unfilled rigid epoxy 
resin with three different curing sys- 
tems reveal significant changes in 
flexural strength and volume resistivity 
with changes in temperature. But dis- 
sipation factors observed at various 


temperatures at frequencies of 110 ke 


Fig. 5—Physical and mechanical properties at 75 to 80 F 
for Epocast 15 after exposure at 300 F. Curves are extrapolated. 


Co 


ice 


factor-temperature relationship for cast 


epoxy resins at 


and 1.1 me gave anomalous 


results 
Heat distortion temperature was 
measured according to ASTM method 
D 648 at fiber stress of 264 psi, and 
whether 


observations made as _ to 


electrical or physical properties 
changed in the vicinity of the heat 
distortion temperature. As shown in 
Table I and Figs. 1 and 2, it is diffi 
cult to determine the heat distortion 
temperature from the data. At the 
temperature, the flexural 
strength of the 1/8 in. thick cast 


specimens was about 50% of the 


average 


room temperature results. Volume 
resistivity at the heat distortion tem- 
perature was lower than that at room 
temperature by a 10 


The temperature 


factor 
dependence of; 
ploperties is influenced by the cure. 
Thus, material C, Figs. 1 and 2 and 
Table I, 
sistivity by a factor of 10, if post- 
cured only at 400 F. Materials A and 
B are not significantly improved by 


shows a lower volume re- 


post-curing at higher temperature 


Fig. 4—Dissipation 
110 kilocycles for resins shown in Table I. 


& quencies and tested at 75 I 


J There I any 
plications for resilient epoxy 


Ff 


ee 


Dissipation factors at various fre 


are shown 


>in Fig. 3 for the representative 


the epoxy resins 
Data on the dissipation 


temperature characteristics 


YC iSt eEpOXy 


4. Only 


with the 


show 
factor 

Conclusions based of ese tests 
for epoxy resins are flexural 
strengths fall rapidly for unfilled epoxy 
distortion 


resins beyond the heat 


~ 


temperature; and 2) the 


volume re- 
reciprocal of absolute 


SISUVITY VS 


temperat 


commercial af 
resins 
including requirements for high 
pact strength and the 


rials to accommoda 


Fig. 6—Electrical properties of Epocast 15 after exposure at 
300 F for seven days, Note decrease of volume resistivity. 
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Table I—Characteristics of Cast Epoxy Resins 





Curing Agent 


amine ture 


Epocast"’ 17 An 


hydride 


2 hr 200 F, 2 


Cure Schedule 
Aromatic Amine 2 hr 200 F, 2 hr 


Diethylene Tr ir at room tempera 2 hr 200 F 


Heat 
Distortion 
Post Cure Temperature* 


300 F 2 hr 400 F 


4 hr 400 F 
14 hr 500 F 





Method D 648 (264 psi fiber stress 


Liquid Aromatic Polyamine 





HN 927 


Furane 








differences. These qualities may be 
imparted to the epoxy resins through 
polymeric additives such as poly- 
ethers, polyamides, polyesters or poly- 
sulfides. The 


results are particularly 


effective when the epoxy 
with 


terminal 


resin 18 
corrected polymers 
groups 
A study of a resilient epoxy, Epo- 
cast 15, demonstrated 


containing 
reactive 


correlations 
between electrical and physical prop- 
erties upon prolonged aging at 300 
F. The results shown in Fig. 5 sug- 
gest that measurements 
and loss in weight are factors to be 


considered for this type of material 


elongation 


The fall-off in elongation suggests 
ige embrittlement taking place at 300 
F. The loss in weight is pronounced 
Initial results are beneficial showing 
an increase in tensile strength and 
volume resistivity with a decrease in 
dissipation Figs. 5 and 6 
However, increased time at tempera- 
ture reflects degradation of the ma- 
terial. 


factors, 


Decreasing volume resistivity 
and lower elongation are indications 

The initial increase in volume re- 
sistivity upon aging reflects a sounder 
mechanical structure, caused by the 
consummation of 


more chemical 


bonds in crosslinking. Volume resist- 
vity was tested in another way by 
loading a resilient epoxy in tension 
\ significant increase in volume re- 
sistivity Was noted as tension was ap 
plied, before measurable dimensional 
changes became apparent. Measure- 
ments of dissipation factor at 1.1 mec 
showed little or no change with in- 


creasing tensile stress 
CHANGES IN COMPOSITION 


Volume resistivity as a means of 


determining the effect of changes in 
composition 7 


are shown in Fig for 


a clear cast resin. Here, a liquid epoxy 
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resin was cured with different percent- 
ages of an aliphatic polyamine 
When the variable is a change in 
filler, electrical properties do not nec- 
essarily provide a good criterion be- 
cause the dielectric properties of the 
filler will have a pronounced influence 
on electrical measurements, though 
not necessarily on physical properties 
Consequently, good correlation be- 
tween electrical and physical proper 
ties are possible for a given resin 
filler composition, showing sensitivity 
to aging and temperature influences 
and hardener variables 
A study of many 
grades of resins (filled and unfilled) 


commercial 


used for electrical purposes, revealed 
the volume resistivity at 140 F re 
flected the comparative resiliency of 
the material. In plotting Shore D 
durometer vs log of volume resistivity 
for 12 different compounds, Fig. 8 
was obtained. Note that the harder 
materials offer higher values 


CONCLUSIONS 


For a constant epoxy resin com 
position, changes in volume resistivity 
and flexural strengths will parallel one 
another in the temperature range im 
mediately below and above the ASTM 
heat distortion temperature. However 
this temperature can not be predicted 
from data developed for epoxy resins 
4 general observation is that a rela 
between the Shore D 
hardness of an epoxy resin and its 
volume resistivity. 

The resilient epoxy resins will de 
pict significant 
chanical property 
time aging at elevated temperatures 
It may be possible to use 
nondestructive 


tion exists 


electrical and me- 


changes on long- 


dielectric measure 
ments for tracing changes in epoxy 


resin compounds 


1958 


Fig. 7—Volume resistivity as a function 
of the per cent hardener (aliphatic poly- 
amine) for a clear cast epoxy resin. 


| 


Fig. 8—Relationship between Shore 
hardness and log volume resistivity 
140 F for several epoxy resins. 
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Effects of 
medium on materials 


Natural Rubber 
or SBR Neoprene Buna-n Thiokol 








Hardens or becomes Hardens and decom Hardens Volatile of temp« lo effect except 

tacky. May ignite in | posesattemperatures tures above 212 F slow hardening 
600 F oxygen above 300 £ Decomposes at 
temperatures 
above 500 F 


No effect if fr I Hardens on exposed Hardens on exposed Hardens on Hardens on Hardens on 
water. Otherwise surfaces surfaces exposed surfaces exposed surfaces exposed s 
attacked 


ow melting point tacky poses at tempera tures above 212 F 
metal. Hot com tures above 300 F 


pressed hydrogen 


Little or no effect be Hardens or becomes Hardens. Decom Hardens Volatile at tempera Softens. Dec 
F 


embrittles steel 





LIQUIDS 
Wat neluding all effect, except No effect except Swells—especially in No effect except No effect at tempera Swells and event 


itral water-soluble ron rusts slow swelling fabric construction slow swelling tures below 212 F. ex ally d mposes 
alts, sugar sol is 3 


cept slow swelling rate depending up 


Slow swelling. Rever Swells — especially in ‘ te No effect at tempera 
sion at very high fabric constructions rn lh tures below 212 F. ex 


temperatures cept slow swelling 


No effect except slow No effect except No effect except No effect except 
swelling if compound swelling if compound swelling if com swelling if compound 
s free from cid is free from acid-sol pound is free from is f from acid-sol 
uble fillers acid-soluble fillers 
eti 
lead. Alur 


sistsorgani 


Attacks all metals No effect except No effect except No effect except No effect except 
xcept Hastell lling if compound swelling if compound swelling if com swelling if compound 
gold and p r ee from acid-sol is free from acid-sol pound is free from is free from acid-s 
uble fillers acid-soluble fillers uble fillers 


Attacks all mn No effect except No effect except No effect except No effect except 
xcept Dur lead swelling if compound swelling if compound swelling if com swelling if compound 
i and platinum is free from acid-sol is free from acid-so! pound is free from is free from acid-s« 
fillers uble fillers acid-soluble fillers le fillers 


Carbonized Carbonized 


ight swelling only Slight swelling only Slight swelling ight swelling only 
ompound is free if compound is free only, if compound if compound is fre 
4 } ble fr 


solubl om acid-soluble fill-| is free fom acid-sol from acid-soluble fil 


ut l ers 


Dissolves all metals i Destroyed Destr« 
xcept Duriron, gold 
and platinum. (Stain 

8s steel resists con 


i but notd 


No effect except from 
heat and oil associa 
ted with ammonia 


Destroy 
water. Otl 


tacks a 





No effect except High swelling High swelling Moderate swelling 
xtracts softeners 


effect except No effect except ex No effect No effect 
extracts softeners tracts softeners 





Swells strongly wit! Swells moderately at Slight shrinkage or No effect at temper 
old oils. Reverts and | temperatures up to swelling depending | atures below 212 
with hot 300 F. Decomposes | upon aromaticit 


at higher temperature fi the o 
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} G wk Pack ( B 


Effect of various gases and liquids on the base materials commonly used in packings and gaskets. 
Chart should be used for general information only. Mechanical properties usually are of even greater 
importance than chemical considerations in packing selection. 





rdens anc par 
lissolves 


liens anc par 
lissoives 


Hardens and 


tially dissolves 
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Fig. 1—Corrosion resistance of glass-protected steel against corrosive acids 
A. O. Smith Corp. Bulletin at various temperatures and concentrations. (A) nitric acid; (B) prosphor« 
acid; (C) hydrochloric acid; (D) sulfuric acid. 


Corrosion of steel has been a shows the need for special glass form- I shows some physical values and ad- 
problem and a challenge for years ulations to meet specific types of vantages. Glass coatings cannot be 
Development of stainless and other corrosive service and environments separated from the steel until the yield 
corrosion-resistant alloys are only a Glass-protected steel withstands a point of the steel is exceeded. Di- 
partial answer—since cost limits their wide range of chemical environments electric strength is also high because 
range of effectiveness, Glass as a such as waters, alkalis, organic acids, the coating technque avoids micro- 
material for protecting ordinary steel inorganic acids, and high tempera- scopic points of weakness 
is another answer ture. Application served by glass-pro- Formulations can be obtained, with 
Glass is inherently inert to most tected steel range from home hot unusually good abrasive, nonstick and 
chemicals. Also, it can be readily water heaters to jet exhaust ports dielectric characteristics. Fusion bond 
fused to steel through a process of where continuous operating tempera- of glass to steel is both chemical and 
high-temperature firing. However, no tures above 1250 F for carbon steel mechanical to 10,000 psi. 
one glass is satisfactory for all appli- and 1500 F for stainless steel are 
cations. Some 3000 glasses have been possible and being used Bulletin No. MQ-101 published by the 
developed and tested for a wide rhe physical properities of glass ex- 4. O. Smith Corporation, Milwaukee 1, 
variety of service conditions. Fig. 1 tend the usefullness of metals. Table Wisconsin 


Table I—Physical Properties of Glass 





Property Value Advantage Property Value Advantage 


Surface Hard and slick Minimum adherence || Density 2.56 Free of porosity 
of product. Impervious to 
Minimum friction absorption 


Strength Yield point of base Long life tenacity Softening point 


metal 


Adherence 5 to 10,000 psi Resistant to lifting 


Highest oper : Permits high tem 
from gasses 


ating temperature erature operation 


Coefficient of 90 to 375 cm/cm/C Can be formulated to 
i 7 ase metal 
expansion x 10 fit most ba r s pr on 


Modulus of 6 to 9 Ib/sq in Adds rigidity t« 
elasticity x 108 base metal 


Unable to measure Long wear. Highly 
resistance on Taber Abrader resistant to abrasive 


without modification service 


Thermal shock 305 F difference Permits flexibility Dielectric 600 to 1000 V/mil Can be used for elec 
processing strength trical insulation 





*This applies to chemical resistant glasses. High temperature resistant glasses will withstand 1500 F Com 
mercial glasses have maturing temperatures anywhere from 950 F to 1800 F—generally it’s 1500 to 1600F. 
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Comparison of phenolic and 


polyester premix 


P or YESTER premix miaterials have the resinous binder is to flow and fill 
gained wide industrial acceptance for out the mold cavity and to bond the 
applications requiring a combination fillers and reinforcement. The resin 
of low cost and high strength. Also, contributes to the overall properties 
they are relatively easy to handle and of the molding compound 
mold and have inherently good physi- Various mineral and cellulosic fill 
cal and electrical properties ers are used in premixes as a means 
As satisfactory as these polyester of lowering compound cost. Although 
premixes are, however, they cannot they comprise the largest proportion 
satisfy all applications. For this rea- of a molding compound, these inex- 
son, and because of excellent overall pensive materials generally do not 
properties of phenolic molding com- contribute greatly to the physical 
pounds, phenolic premix compounds properties of the compound 
were developed to achieve some of Reinforcing agents are directly re 
the properties not inherent in the sponsible for many strength charac 


polyester materi 


als 


MATERIALS 


teristics and, therefore, are one of 
the most important components of a 
premix material. Because of high cost, 


Polyester and phenolic premixes these materials are used in the small- 
are composed of three basic compo est proportions. 
nents: resinous binder, fillers, rein- Major difference between the poly 
forcing agent. Principle function of ester and phenolic premix materials 





TABLE I—Premix Formulations and Resin Properties 





Premix Formulations 





Phenolic Mat 


erial 


Polyester Material 














J. J. COLAO, 
M. M. GURVITCH 


Barrett Division, Allied Chemical Corp 


materials 


lies in the resinous binder. ihe resin 
determines the overall behavior of 
the molding material 

Polyester Resin. The resinous binder 
is a mixture of unsaturated polyester 
blended with a reactive monomer, 
such as styrene, vinyl toluene, or 
diallyl phthalate. To cure this mixture 
a catalyst, such as benzoyl peroxide, 
is added. Under the influence of heat, 
the monomer rapidly reacts with the 
unsaturated polyester to form a cured 
thermosetting substance 

Phenolic Resin. The resinous binder 
is generally a water-soluble, one-step, 
phenol-formaldehyde condensate of 
relatively low molecular weight. The 
cure does not require an additional 
catalyst, but is dependent upon a time 
temperature relationship 


PROCESSING 


Mechanically, the two processes 
are identical in that both premixes 
are compounded in a kneader or sim- 
ilar type mixer. The phenolic resin, 
however, requires heat for chemical 
advancement and, therefore, adequate 
temperature and time controls. Prep- 





























Componente Pts /100 Componente Pts /100 aration of a polyester premix requires 
only mechanical action. After process 
Phenoli sin 40 00 Polyester resin 33.00 
Sisal 14 in. fit 15.00 Sisal 4 in. fiber 11.00 ing, the polyester premix is removed 
Wood flour 27.75 Asbestos floats 53.09 from the mixer in a putty-like form; 
arms — — the phenolic material is generally in a 
Calcium carbonate 5.00 Black pigment 1.00 . 
Zinc stearate 1.25 Benzoy! peroxide (50°; solids 0 66 hard granular State 
Lime 1.00 
Black pigment 1.00 
Resin Properties 
Plaskon Phenolic Premix Resin Plaskon Polyester Resin 7 able 1l—Price Sheet Data 
Viscosity,cps, 25 C: 2000 Viscosity, cps, 25 C 2500 , 
Specific gravity at Specific gravity at 25 C 1.09 } 
25 C 1.2 Per cent polymerizable 100 Components *Cost, cent pound 
Methanol solids 75.0 Color, APHA, max 150 
Free formaldehyds Stability, uncatalyzed in dark at Phenoli s 21.0(7 ® 8 
0.8 70 F, months 4 Polyester resin , 106 . . 
Stability at 23 C Stability, catalyzed (2 benzoy! Sisal 14 in. fib 17 .{ 
months peroxide paste) in dark at 70 F Glass fiber 40 
Dilutability 1.75:1 days 4 Silvacon 2 
Ast 1.5 Gel time* 3 min., 29 sex Asbestos floats 1 
Stroke cure at Peak exotherm, F* 394 Wood flour <0 
150C, sex 55.0 Time interval, 150 F to peak Clay I 
set time at exotherm :* 4 min., 38 sex Calcium carbonat« 1.0 
135 C, see 190.0 Zinc stearat 8 
pH 7 6 Pign t 15 
Lim 1.0 
Benz Pp xid 50 solids 91 
*S.P.I. Gel Time Test, 1 Benxoy! Peroxide, 180 F 
bath 
*Truckload price, F.O.B. shipping point 
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FORMULATIONS 

and 
able comparison of the polyester and 
phenolic 


Io make a satisfactory suit 


premix materials, com- 


pounds were prepared from each 


resin to exhibit specific physical prop- 
the 
Formulating of compounds for spe- 


erties at lowest possible cost. 
cific properties may result in a sacri 
fice of other properties. For example, 
contributes to high impact 


strength but degrades electrical prop- 


sisal 


erties of the compound. 
Hence, properties of prime impo! 


tance are determined and the resin, 


reinforcement are selected 


the 


fillers and 


to meet requirements. Properties 


selected as a basis for comparison 


strength, 1.5 ft-lb/in 
notch; flexural strength, 7000 psi min- 


are: impact 


imum; cost per cu in., minimum 
[he premix formulations selected 

are listed in Table I. Tables Il, Ul 

and IV, give the formulations, physi 


cal properties, and cost data for these 
materials 

Polyester formulation. Various resin 
reinforcement ratios were investigated 
to obtain the desired strength prop 
Absorbing-type fillers were also 
the 


erties 


studied to obtain necessary han 


dling and processing characteristics 
Small 


factory impact values, but insufficient 


amounts of sisal gave satis 


flexural strength. The addition of glass 


fiber or increased resin content were 


necessary to obtain the required 
flexural strength 
The 


be included in 


filler 
formulation to 


proper absorbing must 
any 
obtain adequate handling and process 
ing characteristics. Asbestos, a high 
absorbing filler, is used in high resin 
content formulations. Lower absorb 
ing clay and calcium carbonate fillers 
are used with reduced resin content 
The selected polyester premix formu 
lation contained high percentages of 
resin and asbestos 

Phenolic formulation. Nine phenolic 
premix formulations were investigated 
to obtain a compound with the re 
quired physical properties. Resin, re- 
inforcement and filler contents 


varied to obtain the desired handling, 


were 


processing and physical properties 


Through the proper selection of 
fillers and resin content adequate 
wetting for sufficient impact values 


is obtained. The low specific gravity 


inexpensive fillers such as wood flour 
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FABLE ll—Polyester Premix Formulations 





Materials 


Polyester resin 
Sisal 4 in 
Glass 4 in 
Calcium carbonate 
snowflake white 
Asbestos floats I 
Clay (ASP-400 
Zinc stearate 


Pigment 


Benzoy! peroxide paste (50 


Properties 


Specific gravity 
Izod impact, ft-lb /in 
Flexural strength, ps 


Flexural modulus, ps 


_ 


ost per Ib, $/It 


ost per cu in f A 


Remarks 


3500 


0.61x10 


flex flex 


] 15 11 11 


53.09 35 
28.09 
25 1 35 


0.66 0 66 


0.66 


1. 8¢ 1.95 1.73 1 1 1.71 
2.6 se 4 ; 2.0 
9000 


1.3x10* 1 


9000 8000 10,000 8500 


25x10* 0.9x10* 1.0x10* 1.0x10* 


161 0.167 0.161 0 
4 0 91 99 1.01 0.98 


Tacky Tacky 











lable 


IV—Phenolic 


Premix Formulations 





snowflake whit 


Clay (ASP-400 


Properties 


Specific gra 








Percentages 
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and Silvacon are easily compounded 
with the phenolic resin. However, 
these fillers are high absorbing and 
require a high resin content material. 

Low absorbing clay and calcium 
carbonate fillers were evaluated. Al- 
though these fillers permit the use 
of low resin percentages, the com- 
pounds formulated with these are 
difficult to handle. A combination of 
both high resin and wood flour re- 
sulted in a phenolic premix that had 
good properties and low cost. 


PREMIX PROPERTIES 


Additional properties of the poly- 
ester and phenolic premix were in- 
vestigated besides those used for the 
formulation, Table V. 

Specific gravity. Components used in 
a formulation directly influence the 
final specific gravity of the molded 
part. Polyester compound has a spe- 
cific gravity of 1.71 because of the 
high density asbestos filler. Phenolic 
material specific gravity is 1.83 
caused by use of the low density 
wood flour filler. Resin and reinforce- 
ment exhibited specific gravity values 
below 1.5 and did not greatly con- 
tribute to a final high density part. 
Flexural strength. Room temperature 
values of the premixes are compara- 
ble but after a two hour water boil, 
the flexural strength of the polyester 
decreased by 30% 

pound decreased by 6 
perature flexural modulus of the 
polyester is higher than the phenolic 
After the two hour water boil the 


phenolic com- 
Room tem 


modulus values are comparable 
Tensile strength. Room temperature 
tensile strength of the polyester com- 
pound is higher than that of the 
phenolic compound. After a two hour 
water boil, the phenolic tensile 
strength remains about the same; the 
polyester values decreases about 40 
Tensile modulus is similar. 
Compressive strength. Values obtained 
for the phenolic material at room tem- 
perature and after two hour water 
boil are higher than those for the 
polyester compound 

Impact strength. Both materials show 
comparable impact strength, however, 
the phenolic material requires 4% 
more sisal reinforcement to obtain 
the necessary impact values 

Heat distortion. When exposed to a 
maximum stress load of 264 psi, the 
phenolic material showed greater re- 
sistance to distortion under heat 


Ci4 





Table V—Properties of the Phenolic and Polyester Premix Compounds 





Physical Properties 

Specific gravity 

Flexural strength at room temperature 
after 2 hr boil 

Fiexural modulus at room temperature 
after 2 hr boil 

Tensile strength at room temperature 
after 2 hr boil 

Tensile modulus at room temperature 
after 2 hr boil 

Compressive strength at room temperature 
after 2 hr boil 

Izod impact 


Heat distortion 

at 66 psi 

at 264 psi 
Rockwell hardness 
Water absorption 


Hot-cold cycle 
24 hr at 175 F and 24 hr at 40 F) 
Remarks 


Chemical Properties 


Chemical resistance (after 96 hr boil) water 
solution appearance 


10% HsSO, solution 
appearance 


0.5% N.OH solution 
appearance 


Electrical Properties 





Dielectric strength short time, 4 in. thick 
Volume resistivity 


Oil resistance (13 days immersed in SAE 10 oil 


ASTM 
Test 
Units Phenolic Polyester Method 
1.38 1.71 D-792 
psi 8500 8500 D-790 
8000 6000 
psi 0.8x10* 1.0x10* D-790 
0.7x10* 0.6x10* 
psi 5000 6000 D-638 
5000 3500 
psi 0.9x10¢ 1.5x10* D-638 
0.7x10# 0.5x10° 
psi 19 ,000 13,000 D-695 
19 ,000 11,000 
ft Ibs /in. #, 2.0 D-256 
notch 
Cc D-648 
> 200 > 200 
135 187 
M scale | 100 70 D-785 
% 1.8 2.1 D-570 
— Unchanged, Unchanged 
% loss in 1.6 0.9 
weight 
No cracks | No cracks 
sample 
warped 
change 7.5 12.4 
in wt No change Dull & 
slight 
roughening 
> change 4.5 37.5 
in wt Dull & Dull & 
slight excessive 
swelling swelling 
% change 12.2 19.2 
in wt Dull & Dull & 
slight severe 
roughening cracking 
volts /mil 71 118 D-149 
Ohm-cm | 5.3x10* 9.4x10° D-257 








Specimens prepared by compression molding for 5 minutes at 300F and 1,000-1,500 psi 








Rockwell hardness. Molded phenolic 
parts exhibited greater hardness than 
polyester parts. 

Chemical and electrical. Under vigor- 
ous conditions, polyester materials 
show poor chemical resistant prop- 
erties. However, the material is better 
than the phenolics in electrical prop- 
erties 

Hot-cold cycle. The materials exhibit 
no cracking caused by temperature 
change. The phenolic compound 
shows a greater weight per cent loss; 
the polyester exhibits poor dimen- 
sional stability by warping. 


ECONOMICS 


An overall cost analysis of the 
phenolic and polyester premix ma- 
terials is shown in Table VI. The 


final cost to produce a housing of 
about 130 sq in. 1s, of course, ap- 
proximate and for comparison only 
For comparative purposes, a total 
production of 200,000 units is se- 
lected. A two-cavity mold is assumed 
with a 100 ton press for polyeste: 
and a 250 ton press for the phenolic. 
Raw material cost. Although the ma- 
terials differ slightly with respect to 
material cost, specific gravities, 01 
weight per part, differ greatly. A unit 
material cost difference of $0.056 per 
unit in favor of the phenolic is ob 
tained as noted in Table VI 
Molding compound preparation cost. 
To obtain a satisfactory molded part, 
1.21 Ib of phenolic and 1.50 lb of 
polyester premix is required. Because 
of the difference in weight and cycle 
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time, which determines the units pro- 
duced per day, 242,000 Ib of phenolic 
material and 300,000 Ib of polyester 
materal are needed to produce 
assumed 200,000 units 

A 200 gal kneader mixer is suffi- 
cient to produce both materials. Dif- 
ferent specific gravities means one 
run per hour produces 400 lb of 
phenolic premix and 490 lb of poly- 
ester premix. Total labor cost: $3630 
for the phenolic; $3670 for the poly- 
ester based on 3 men per run at $2 
per man-hour. Unit compound cost 
are the same for both materials 
Molding cost. To establish a mold- 
time, the formulated material 
shown in 


cycle 
Table I was molded in a 
two-cavity mold mounted in a single 
hydraulic press. An accurate cycle 
time per part was obtained—60 sec 
for the phenolic and 45 sec for the 
polyester—and the number of parts 
produced per day and the length of 
time to make 200,000 units was 
determined 

By assuming a daily labor cost of 
$144 based on 3 men, 24 hours, at 
$2 per man-hour and the total num- 
ber of parts produced per day—1080 
phenolic and 1330 polyester units— 
a unit molding cost is determined. 
Calculated cost: $0.133 for phenolic 
units and $0.108 for polyester parts 
Equipment cost. Major difference in 
equipment is the use of 250 ton press 
for phenolic as compared to a 100 
ton press for polyester. This is caused 
by the 
pressure of phenolic as against a 700 
Also, 


phenolic material must be preheated 


1700 psi minimum molding 


psi pressure for polyester 
to obtain its minimum cycle time. A 
performing press is required for the 
phenolic material prior to preheating; 

material 
with 


polyester requires an ex- 
cut-off for 
proper weight determination. 
total 


a 10 year equipment pay- 


truder automatic 


Having obtained the equip 
ment cost, 
off at 10% 


Based on a 200 day vear, the de- 


per year can be assumed 
preciation is $37 for phenolic and 
$31.50 for polvester. Operation de- 
preciation is $6850 for the phenolic 
and $4730 for the polyester. The de- 
preciation costs are used to derive a 
resulting in a 
the polyester 
material over the phenolic material 
Final unit cost. Phenolic material unit 
cost is $0.371; the polyester unit cost 
is $0.392, or an advantage of $0.021 


unit equipment cost 


$0.01 advantage for 
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per unit for phenolic material. These 
cost figures are the result of the basis 
of comparison for this example. 

Economics of each application 
must be analyzed on its merits. A 
change in any step—required proper- 
ties, preparation, equipment — can 
change the final unit cost 


CONCLUSION 


The comparison of the phenolic 
and polyester premix materials indi- 
cate overlapping properties. However, 
they also possess many unique prop- 
erties not common to both. For ex- 
ample, the formulated polyester ma 
terial exhibit ease of handling, rapid 
cycles, low 


cure molding 


high flexural and impact 


pressure 
strengths, 
and superior electrical properties. An 
important advantage for polyester ma 
terials is unlimited color 


Compounded phenolic premix ma 


terials have superior hot strength 
high compressive strength, satisfactory 
impact and flexural 


dimensional 


strength, good 
stability ind low raw 
material cost 

Ihe availabilit of these two pre 


mix materials will extend the appli 


cation of plastics and give better 


}, 7 he le 1 
seg on the selection 


performance 


of the proper mate 


REFERENCE 

4 Comparison of Phenolic and P 
ester Premix Materia I J. J. Cola 
ind M. M. Gurvitch, Shadyside Researcl 
Laboratory Barrett D oT \ d 
Chemical Corporation, Edgewater, New 
Jersey. Presented at tl t \ 
Meeting of the Reinf< -d P tics D 
sion. The Society of the Plastics Indus 
try, Inc Feb. 1958, ¢ ag Illinots 





Basis: Production of 200 ,000 housing 


parts trom a two-cavity m 


Table VI—Economics of Premix Materials 





Raw Materia! Cost 
Weight of part, It 
Specific gravity 
Material cost, $/It 

Unit Material Cost, $ 


Molding Compound Preparation Cost 
Total molding compound required 
Number of runs in 200 gal. mixer toy 


juce molding mpound (estimating 


400 it f phenolic and 490 It f yx 
ester run 

Labor cost to produce compound at 1 
hr /run, $ (3 men/run at $2.00 /mar 


} 


Unit Compound Preparation Cost, $ 


Molding Cost 
Cure time, se 
Handling time, se 
Total mold time, se 


Parts produced /hr 


Parts produced /24 hr da 

Time required to produce 2¢ 0 parts 
lays 

Labor and finishing st, $ 


Unit Molding Cost, $ 


Equipment Cost 
Mold cost (two cavity), $ 
Press cost, $ 


High frequency preheater st, $ 
Preforming apparatus cost, $ 
Kneader mixer cost (200 ga $ 
Total equipment cost, $ 
10 jepreciation ‘year, $ 
Depreciation day, $ 
Depreciation for p juctior a $ 


Unit Equipment Cost, $ 


Total Unit Cost (exclusive of powe 
building, storage, etc $ 





Phen Pre t eater Pre 
Materia Materia 
4 ‘ 
| 
( 8 74 | 
| 
| 
| 
i 
12 | 
6.¢ é 
. 
25 
24 .{ 4 
4 é 
6.8 
sa a4 
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Fig. 1—Asbestos base friction material. (A) Folded and com- Fig. 2—Metallic 


pressed. (B) Molded. (C) Molded (wire backed). (D) Solid 
woven (wire inserted). (E) and (F) Flat molded. 


Considerations for 


THEODORE W. DRIESCH, Industry Control Department 


General Electric Company 


Fric TION linings are produced of 
many different materials and in many 
different forms with varying charac- 
teristics to meet specific applications. 
For example, the purpose of a brake 
application might by stopping, hold- 
ing or slipping; diffierent forms of a 
material may be better suited for each 
purpose. To evaluate the materials, 
however, material forms, characteris- 
tics, and other data must be known 


FRICTION MATERIALS 
Asbestos. Asbestos fibers are used al- 
most exclusively as the base material 
of most friction materials, Fig. 1. As- 
bestos is resistant to heat and noncom- 
bustible. It can be spun into yarn and 
then woven, thereby lending itself to 
the manufacture of many types of 
friction linings. 

Another type of friction material is 
made from wire-inserted yarns solidly 
woven. Material can be woven to size, 
treated and cured, or it can be woven 
oversize, impregnated and then pressed 
and formed to increase the density. De- 
pending on the treatment and the dens- 
ity, woven types can be classed as flex- 
ible or semi-flexible. Woven materials 
are available in thicknesses ranging 
from ¥% to 1% in. and in widths 
ranging from 1 to 24 inch 

Asbestos fibers are also used as a 
base for rigid or molded friction ma- 


Ci6 


terials. With suitable binders, drying 
oils, rubber and other ingredients, the 
raw materials are formed in molds 
under heat and pressure to the shape 
desired. Molded linings are 4% to % 
in. thick and 1 to 12 in. wide. Above 
¥s in. thick, molded linings are called 
friction blocks which are available up 
to 4 in. thick and in widths of 1 to 
24 in 


atively high mechanical strength and 


Molded materials are of rel- 


are used where excessive stresses and 
higher temperatures are met 

Metallic. Asbestos is a heat insulating 
brake and clutch 
applications heat is stored rather than 
conducted away from the assembly. 
Metallic materials are being invest- 
igated to find a suitable friction ma- 
terial which will conduct heat away 
from the 
shows a metallic lining 


material and in 


friction surfaces. Fig. 2 


Newer metallic friction materials 
are being produced from powdered 
metals, pressed and heat-treated in 
suitable molds at temperatures far 
above known service temperatures. 
Most friction plates are thin—less 
than %e in.—and relatively weak. A 
backing plate is usually added and 
the assembly is referred to as a bi- 
metallic friction unit. 

Ceramic. A recent development in 
the field of friction materials is the 
ceramic lining, Fig. 2. The base is a 


metallic lining that 


friction 


and ceramic friction materials, (A) Cast 
may be cast to any desired shape and 
thickness. (B) Ceramic and inorganic ingredients. 


materials 


ceramic material compounded with 


other nonorganic ingredients to give 
a friction material that will withstand 
extremely high temperatures. Material 
is available in small disk-like units 
which can be readily attached to a 
suitable stationary supporting 


for brake applications 


plate 


CHARACTERISTICS OF 
FRICTION MATERIALS 


A comparison of the characteristics 
of friction materials is given in Table 
I. However, values indicated are gen- 
eral and any material form may be 
varied to give specific values to meet 
special requirements. 

Coefficient of friction. The most sat- 
isfactory mating surfaces are offered 
by cast iron. Plain carbon steel will 
score against asbestos friction ma- 
terials under normal operating con- 
ditions. Sintered metals work better 
against steel than cast iron 
Temperature. Friction generates heat 
and the heat is absorbed by the fric- 
tion material and the metal it con- 
tacts. The greater the metal mass the 
higher the heat capacity and there 
fore the lower the temperature for 
a given application. 

Improved heat dissipation has been 
achieved by enclosing brakes and 
clutches in an oil bath. The effect of 
heat on the friction material is of 
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importance in selecting the proper 
material for an application. 
Fade. If the heat generated causes 
the coefficient of friction to decrease, 
is generally referred to as “fade” 
the temperature exceeds those 
recommended for a given material, 
Fig. 3, the unit may fail through a 
decrease in the coefficient of friction 
A safety factor as high as 50% 
could be used to minimize the effect 
of fade in critical applications. Im 
provements in the design and manu 
facture of friction materials to obtain 
uniformity of operation over a wide Fig. 3—Typical curve of “Fade” with temperature for woven asbestos friction 
temperature range are reducing the lining. 50° safety factor should be used in critical applications. 
fading effect. 
Working pressure. Maximum pressure 
for any given material is_ usually 
based on laboratory tests. Some ma 
terials exhibit no change in friction 
with pressure, while others decrease 
in friction as pressure increases. Pres 
sure can be varied, in most designs 
within the limits of the manufacturer's 
recommendations 
Wear factor. Factor deals with the 
rate at which the friction material is 
worn away under service conditions 
Rate of wear is influenced mostly by 
temperature and to a lesser degree by 
pressure 


“Tate wear’, if listed 


the manufacturer of friction ma 


terials, should be carefully studied a Fig. 4—Methods of fastening friction materials. (A) Woven asbestos 
to test temperature and mating m riveted to cast shoe. (B) Molded asbestos, bonded to steel backing 
terial. Results of a laboratory test on (C) Molded asbestos, bonded to fabricated shoe. (D) Metallic, free 


ating N ed asbestos, riveted to steel disk 
woven asbestos friction material a floating. (E) Molded as 


gainst cast iron at 350 F showed 


wear rate of 0.00201 cu in./hp hr or lable I 
9.86 x 108 ft Ib/cu in 


—Characteristics of Friction Materials 





JOINING 
FRICTION MATERIALS 


Methods of joining a friction ma 
terial to a backing plate are shown in 
Fig. 4. Normal method is riveting or 
bolting but as the material wears 
away the metal mating surface is 
scored and damaged by contact with 
the fastener. Tests indicate that brass 
rivets are superior to either copper 
or aluminum for all service conditions 
Where flat rubbing surfaces are de 
sired, the friction plates can be sup- 
ported on posts or allowed to float 

Bonding cements have been im 
proved to where the friction material 
can be cemented to supporting plates 
under pressure and heat. This permits 
high production assemblies, simplified 
manufacturing methods and bette 





utilization of the friction material 
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WHEN AND WHERE TO USE 


NEOPRENE 


Made by Du Pont for 26 vears, 
this synthetic rubber has demon- 
strated that it can be used with 
excellent results in a wide variety 


COMPRESSION SET 
of applications. It meets many aRee iia 


veoprene ea 


ditterent service requirements J 
and environmental conditions. 
Ne oprene offers a balanced com- 
bination Of properties not avail- 
ible in any other single elastomer. 
Neoprene not only offers desir- 
ible elastomer qualities, but 
ilso offers good all-around resist 
ance to many deteriorating influ- 
ences. Because of these properties 
in combination, ne oprene Is being 
ised in an ever-growing nun be 


ol new applications. 
rat = 
Cy ew 


OZONE RESISTANCE 


HOW DU PONT ELASTOMERS COMPARE IN 


| 4 _ PROPERTIES 
RATING | — 


Excellent 


WEATHER RESISTANCE 


—_— 
FLEX FATIGUE 


IMPORTANT PROPERTIES 


Good oe a | 
i! — | = i id = — = 4 4 i } 5 oe oe 


—I HYPALON 


Cis CIRCLE 241 READER SERVICE CARD 
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DU PONT ELASTOMERS 


HYPALON 


\ relatively new 1) l Pont elasto- 
mer, HyPALON has quickly won 


ready acceptance in heavv-duts 


This synthetic 
designe I 
2 r ? 


prool 


weathe} 
Hy PALON 


pounded witl other ¢ 


; 


ipp 1@d is ¢ 


COLOR STABILITY CHEMICAL RESISTANCE 


ed yses of Duf 
E. |. DU PONT DE NEMOURS & CO. (inc.) 
Elastomer Chemicals Dept. PED, Wilmington 98, Delaware 
Better Things for Better Living 
... through Chemistry 
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THE WATIONAL SCENZ 





THIS 14°’ DIAMETER X 2’ THICK DISK TAKES A 10-HOUR BAT- 
TERING fr ym the 9-ton hammer before it n re- 
placed. And because of its small size and light 

the disk is easily installed in just few n 

delays. No damage to steel piles. Savin 

f Merritt, Chapman & Scott 

ized Fibre disks for mor 


ust b 


24,500 FOOT-POUNDS PER STROKE is th« 
Dy nis massive three-and-a-quarter-f 
hammer. Inserted bet wee oa vinas im am 
I t to position the hammer 
k takes the full impact of each sn 
evidence f t almost 


ulcanized Fibre 


FIBRE CUSHIONS PILE DRIVER BLOWS to safeguard steel piles 
na pile driver ram plummets down, its multi-ton wallop 
plit uny piles Sistees ing and replacing these piles r 

it pr n . m vastes tim ind mon So Savin Con- 


W 


TOUGH VULCANIZED 
( rp n. fort irlving perations constructing bridges f 


r today’s 
ibsorbing, built-up disk of 


Send for this free 20-page booklet, “Vulcanized Fibre 
el 


in Industry”. It tells the full story of this unique « 
lesional 


Vulcanised Fibre. Wi r phone to NAME THE PROPERTIES YOU WANT. Typica 


1; , } blieation »f course Address Dept. HH terials tail 1 to customers’ use by National 


pile-driver disk shown here. Virtually any desired c« m 

== / bination of properties can be embodied in National’s 
basic engineering materials. For National offers the 

j VULCANIZED FIBRE CO. Vulcanized Fibre, PHENOLITE Laminated Plastix 


F and National Nylon. These can be furnished in sheets 


p 


i» Comndin tubes and rods—or fabricated special shapes to give 
NATIONAL FIBRE COMPANY OF CANADA, LTO., Toronto 3, Ontario yeu 100 isable parts and components 
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seful Technical Data File... 


LOOK 
FOR THE 
DIAMONDS—SIGN 
OF FINISHING 
QUALITY 


on FAMOUS ALLIED PRODUCTS 


For Finishing, Cleaning and Protection of Metals 


The Complete Allied Line Includes: 


The finishing industry's most com 
coatings Give peok corrosion resistance, a lasting paint base 
and widest choice of appearance in decorative fin shing on 


ZINC AND CADMIUM ALUMINUM CUPROUS ALLOYS 
MAGNESIUM SILVER 





CUTS BRIGHTENERS— iiccis one 


powder materials for barrel, still or automotic ZINC and 
CADMIUM plating. High che al stability provides maxi 
mum quality at minimum st. Liquids available in AUTO 


FLO-PAK for economical automatic dispensing 


@VID PROCESS CHEMICALS 


WETTING AGENTS DETERGENTS 
DYES FOR IRIDITE FILMS 


CLEANERS 
and DEOXIDIZERS 


Specially formulated to provide maximum performance with 


IRIDITE coatings on aluminum and zinc die castings 





qGilvw New method of protection incor- 

porating corrosion inhibitors in a 
water-soluble polymer base which dries to an extremely 
thin, tough, durable coating lear in color. Does not chemi 
cally affect base metal or any post treatments. Used as a 


protective treatment alone or to enhance value of post 


treatments 


ns, U.S.G 


YOUR SPECIFIC FINISHING PROBLEMS INVITED 
Our Research and Development Department w he } 


I ‘pt 
to work with you t levelop a fi f you eed 


Fill out coupon below for your copy of the useful Technical Data File of information 
on Allied products. Or, contact the Allied Field Engineer in your area. He's listed in 
your phone book under ‘Plating Supplies 


Allied Research Products, Inc. 
4 


4 6 E. MONUMENT STREET 


BALTIMORE 5, MARYLAND 
West Coast Licensee: L. H. Butcher 
Please send me a copy of your Technical Data File 
Please have your Field Engineer contact me 


! am interested in Iridite, ARP Brighteners, ARP Process Chemicals, 


ARP Cleaners and Deoxidizers, Irilac. 


Name 
Company 
Address 


City 
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Why ACADIA 


ee. 


SYNTHETIC 
RUBBER SEALS 


save you money in 
STATIC or MOVING 
seal applications 


acdeanacer 
eeaecadee 


This seal will save 

you money with no 

performance sacrl- 

fice. Minimum 

tooling cost, no Acadia Synthetic Rubber 
molds, no costly Parts are of the highest qual- 
MOLDED LATHE-CUT ity components, processed for 
O-RING SEAL oes nets “i = oil resistance, good aging pro- 
so perties, resistance to heat. They 
can be furnished in any dimension 
or special compound you desire to 
precision tolerances. They are another 
example of Acadia’s ability to SAVE 
YOU MORE..SERVE YOU BETTER. 





delays. Can be 


ACADIA > There’s an Acadia Sales engineer near 
, sh : — you to serve you. Write us today, and 
oO * PRODUCTS we'll put him in touch with you 
immediately. 
DIVISION OF WESTERN FELT WORKS 
Dept. M, 4021-4139 W. Ogden Ave., Chicago 23, Ill. 
Branch Offices in Principal Cities 


MANUFACTURERS AND CUTTERS OF WOOL FELT 
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ORCO COMPONENT 


ERING 


“CUSTOME 


...provides savings in rubber 


parts through improved design 





NENT CUSTOMEERING Ofier 


synthetic rubber, silicone rubber, {| 

ind flexible viny! e Compounding and coloring basic 

e Designing, building and maintaining molds and dies. e Special tool 
re-quantity production items. e Bonding rubbe 


/ 


and rubber-like materials to metals and other materials. e Modern 


injection, compression, transfer and flash-free molding. e Extrudin 
of all shapes, sizes and types of parts. e Complete laboratory facilitic 
for solving special compounding problems. e Well-equipped and 
staffed technical research and development facilities. e Modern sta 
tistical quality control. e Completely coordinated production control 


*Tr mark of O » Ru r¢ 


- 
‘ 





Seas 


~ vie net ak: 9 














Similar designs? Almost, 
but not quite. 
1 


(ERE 


THe Quio Russer ComMPany 





WiILLouGHsey, GHio 


a DIVISION OF THE EAGLE-PICHER COMPANY 





Coou Space Age Ceramics 


Sand Blast Nozzle 


Check Valve 


Coors Space Age Ceramics® are 
special high strength materials which 
contain at least 85% aluminum oxide 
in the corundum form. They are avail- 
able either dense (i.e. vacuum tight, 
vitrified) or porous. The outstanding 
physical and electrical properties of 
these materials are listed on the oppo- 
site page 

In addition to high tensile and 
strengths, Coors Alumina 
Ceramics possess other vitally import- 
ant characteristics of interest to the 
designer. These include: 


electrical 


Permanent Dimensional Stability 
High Hardness 

Abrasion Resistance 
Refractoriness 


Chemical Inertness 


PRODUCTION TECHNIQUES 

Most of the ceramic parts made 
by Coors for electrical and mechanical 
applications are formed by the Iso- 
static’ process. Isostatically formed 
parts are completely homogeneous, i.e. 
with no voids or air pockets and 
without internal drying stresses. The 


ee 
Lhe 


Be 


Pata. < 
‘e 
: 


TA ee 5 ie NM 
POs Ns 


Pump Plunger 


Tube Sheet 


Isostatic process enables Coors to 
produce large ceramic parts such as 
tube envelopes 10” diameter x 842” 
long, radomes 40” high, and solid 
pump plungers 5” diameter x 30” long. 
Also, Coors employs all of the 
other established methods commonly 
used to fabricate ceramic materials, 
including: slip casting, jiggering, wet 
pressing, dry pressing and extruding. 
These methods are employed as re- 
quired to meet specific conditions. 


METALIZING 

Coors has complete facilities for 
high temperature metalizing and braz- 
ing. Several metalizing techniques are 
employed; however, the moly-manga- 
nese technique is standard. This tech- 
nique is used to join metal to ceramic 
with a bond having tensile strengths 
of 8,000 to 10,000 psi. Brazes as high 
as 1083° C can be made using copper. 


PRECISION FACILITIES 
Coors manufacturing facilities in- 
clude a complete range of high pre- 
cision finishing tools for ceramic. Tol- 
erances and finishes which can be ob- 
tained by Coors on production runs 
are as follows: 


Mechanical Seal Rings 


Diametrical— within 0.000030” 
total 
Taper—0.000010” per inch of 
length up to 3” 
Camber —0.000010” per inch of 
length up to 3” 
Out-of-roundness — 0.000010’ 
Surface flatness—less than 1 
light band 

Equivalent surface finish—3 to 4 

r.m.s. microinch. 


Finishes in this extremely close range 
permit you to use precision Coors Cer- 
amics on a production basis 


ENGINEERING HELP AVAILABLE 
Coors ceramic engineering and 
production know-how — plus the com- 
plete facilities of the finest ceramic 
plant in the world —are at your serv- 
ice. When you are considering the use 
of a ceramic part you can save both 
time and money by calling in a Coors 
engineer at the earliest possible stage 
of design. Or, if you have a design es- 
tablished in metal or other material 
and wish to use a Coors high strength 
ceramic, please send prints of your 

drawing for review and quotation. 


*Coors Porcelain Company operates under license for this patented process from Champion Spark Plug Company, Toledo, Ohio 


COORS PORCELAIN COMPANY 





COORS HIGH STRENGTH ALUMINA CERAMICS 


Mechanical and Electrical Properties 





PROPERTY 


COORS DENSE HIGH STRENGTH ALUMINA CERAMICS 





AD-85 AD-94 AD-96 
65% Al,O,—Formerly ° 
Type AB-2 


COORS POROUS 
ALUMINA CERAMIC 


AP-100 





Tensile Strength 
76° F 
2000° F 


Compressive Strength 
Flexural Strength 
Modulus of Elasticity 
Impact Resistance 
Specific Gravity 
Water Absorption 
Porosity 


Hardness 


Color 


Working Temperature 


max 
Pore Size 
Specific Heat 


Thermal Conductivity 
72° F 
600° F 


Thermal Coefficient 

of Expansion 
25-200 
200-400 
400-600 
600-800 
800.1000" C 
25-1000° C 


Dielectric Strength 
25°C (ASTM “4 


thick Specimens 
Te Value 


Dielectric Constant 
1 Ke 
1 Mc 
100 Mc 
1000 Mc 
10000 Mc 
25000 Mc 
50000 Mc 
Loss Tangent (Tan 6 
1 
1 
100 
1000 
10000 
25000 
50000 


Loss Fa 
1 
] 
100 
1000 
10000 
25000 
50000 


17,000 - 18,000 
8,000 - 9,000 


Over 240,000 Over 300,000 
42,000 - 45,000 45,000 - 50,000 


31.9x10° 40.2x10° 


Moh’‘s Scale 


Rockwell 45N 


BTU per Ib 


BTU per hr 
per sq. ft 


per °F. per in 


Volts per Mil 
60 cycle A Tests 


under oil 
Cc 


@800°C |@25 
8.89 
8.87 
8.93 


8.72 
8.72 
8.67 
@25°C @500°C @800'C |@25°C @500 
0.0014 0.580 0.00019 0.215 
0.0009 0.02 0.000085 0.0078 
0.0009 . 0.00052 
0.0014 
0.0027 0.0033 0.00098 0.0014 0.0030 
| 0.0011 0.0025 0.0059 
0.0021 


|\@25°C @500°C @s00°c |@25°C @s500°¢ 
0.0115 8.0 10.0017 2.53 
0.0074 0.21 0.00075 0.075 
0.0074 0.0046 
0.0114 
0.0218 0.027 10.0085 0.013 
0.0098 0.023 
0.018 





*Gas Tight by Helium Mass Spectrometer 


696 9TH STREET, GOLDEN, COLO. 





He wet oF 


CYCLONE ke ed part BALL BEARING RACE [or 


provides ¢ 


RESPIRATOR INSERT of Du Pont yi COMPRESSION FITTINGS of ZyTeL quickly 


resin is easily molded to exacting standards of con 


e ing o € same material to the ink 
strength, providing toughne it idequale ippl 
stiffness. (Made by Wilson Product VISKC machine. (Presslok® fittings by Nylon Molding 
of Electric Storage Battery Co., R ‘ Corp., Garwood, N. J.; used by Wood News- 
paper Machinery Corp., Plainfield, N. J.) 


yc ) ) Ol a newspaper printing 


CHECK VALVE 
criais in de 
to 6 and tl 


Corp.—both of Ci 


pump usc 
Du Pont 


zed, close-fit 


CAP for vaporizer is molded of Du Pont ZytTet 
nylon resin in bright pastels. The intricate part 
has high strength excellent heat resistance 
(Vaporizer by Kaz, Inc., New York, N. Y 
cap by Pyro Plastics Corp., Union, N. J.) 





GEAR ASSEMBLY 


PIPE CLAMPS grip fue 
withstand strong vi 


ZyYTEL nylon 


t 


ional toug! 
especial 


Molding 


AIR SUSPENSION SYSTEMS 


depend on extruded tubing of 


itomobdiie 
ZYTEL 
Tubing needs no pre-bending, is tough 
abrasion It can be 
nd 


nylon 
resin 
with 


resistant to used 


Standard wide 


temperature range (-40 to 250°F.) 


httings operates over a 


CABLE CLAMPS BOAT HARDWARE 


Outstanding design properties of ZYTEL’ nylon 
resins feature high strength...ease of fabrication 


The dramatic improvements in desig! 

which started when strong, high-melt moot 

ing thermoplastics such as ZyTeL be- for machine 

came available continues to this day nated 

as these recent products show Structurally, | 
Important production advantages = great deal to offer. ZYTEL 1 

areonereason.ZyTeELnylonresinshave have the highest strenget 

a high, relatively sharp melting point ratio of any pla P 

Because of this sharp melting point 

ZYTEL sets up fast and gives 

Multicavity die 

an injection-molding proce 

} utr 

complicated and precise sl! 


shorte 


molding cycles 


up production still more 


SEND FOR 
INFORMATION 
For information st 
ing yOu how to 
with ZYTEL nylon 


just mail tt 











6 Taylor-Fabricated Laminated Plastic Insulators 
Protect Control Elements of GE Automatic Toaster 


These insulators for the pop-up mechanism, color con- 
trol unit, and heating element in the General Electric 
Automatic Toaster are made of continuous filament 
woven glass fabric with melamine resin bond. This 
laylor Fibre Co. material was selected for its ability to 
withstand the temperatures encountered in the toasting 
operation, its excellent arc resistance and mechanical 
strength, and its cost, which is lower than that of the 
mica insulators formerly used 

Another factor in the decision was the capacity of 
laylor Fibre Co. to produce the fabricated parts to 
specification, and in the large quantities required, at 
reasonable cost 

You, too, may have applications which can utilize 
the combination of physical, mechanical and electrical 
properties found only in laminated plastics. Our appli- 
cation engineers will be glad to discuss them with you, 
offer engineering assistance, and recommend a Taylor 
grade that will fit your specific requirements. Our plants 
at Norristown, Pa., and La Verne, Calif., are both fully 
equipped for fast supply of basic materials and finished 
parts. Write us for detailed information or to arrange for 
a Taylor Fibre man to call on you. TAYLOR Fisre Co., 
Norristown 39, Pa. : 
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LAMINATED PLASTICS 
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Here are the two 

basic design manuals on 

PLexicLas molding powders and 

sheets. They are detailed presentations, fully diagrammed 

and illustrated, showing the best ways to make use of 
this Rohm & Haas Company acrylic plastic. 


Molding Powder Product Design discusses principles 
of optical design, decorative effects, and methods of 
attaching molded PLEXiGLas parts. 


Design and Fabrication Data covers the fabricating 


ROHM & HAAS COMPANY 


Dept. PD, Washinat Square, Ph 


adelphia 5, Po. 
Please send me 
C) “Molding Powder Product Design”, 
“Design and Fabrication Data”’. 
Name 
Company 
Address 
Zone 


City State 


ee ee eT ee 
ucts from PLexicLas sheets. 


Strength, beauty, dimensional stability, resistance to 
weather and breakage—these are some of the properties 
that make Pvexicias a preferred material for scores of 
industrial and commercial products. The brochures 
shown above have been prepared to help product designers 
and engineers use these properties to best To 
obtain your copies promptly, just use the coupon below. 
In addition, we will be glad to advise you on how a spe- 
cific design problem may be solved with Prexictas. 


COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, 


PA. 








~PORCEL 


Resistant to attack by chem Representative Applications 


icals, gases, water and other Reactors + Chemical Piping - 


corrosives. Acid-resistant Storage Tanks * Water Heaters - 
CHEMICAL grades resistant to all acids Pump Bearings * Bearing Seals 


except hydrofluoric. All grades * Evaporators * Juice Extractors 
RESISTANCE immune to organic solvents * Water Meters + Plumbing Fix- 
and cold or warm mildly alka- tures * Home Laundry Equipment 


line solutions * Dishwashers 


Reactors for chemical processing. 





One of hardest known finishes Representative Applications 


for resisting abrasion. Hard Conveyor Buckets and Flights - 


28 Tr: ves fro 3% to6o0 P Cylind - S Cc = 
ABRASION tehts enils. igh merince ors Petroleum Bubble Cape 
RESISTANCE hardness, resistance to — + te an ey abs conn 


ing, very low coefficient o 
Strainer Baskets * Appliance Work 
Surfaces 


friction 


Conveyor buckets for handling rock salt 








Special ceramic coatings with 


stand continuous service tem Representative Applications 


peratures above 1800°F, regu- 


HIGH HEAT lar types to 1100°F. Excellent Jet, Rocket, Piston-Engine Exhaust 


' ap in eget: & Systems * Kitchen Ranges + In- 
RESISTANCE therma: shock resistance, in cinerators * Submarine Snorkels 
some cases as much as an * Chimney Caps «+ Fireplaces - 
800°F sudden temperature Five Liners * Space Heaters 
drop 


Combustion chamber for space heater 





Industrial atmospheres, salt Representative Applications 


air, wind-driven gases and Outdoor Signs * Panels, Mullions, 
AT smoke are combatted success Coping, Fascia and Similar Archi- 
MOSPHERIC * fully by Porcelain Enamel tectural Members + = Industria! 


CONDITIONS Neither color nor finish yore nas + tales een 


versely affected by heat . 

spouts * Roofs * Billboard Com- 

rain, snow, ice and sunlight , 
ponents * Marquees 


Hyatt 
Ovtdoor architectural applications 


Most all colors of the visible : ’ : 
icon tase! Representative Applications 
spectrum in solid or variegated 


COLORS AND appearances. Corrugated, em Range, Refrigerator, Washer and 4 
bossed and other textured Dryer Components + Architectural <> 
TEXTURES metals may be used. Pebbled a ‘ myo ae - Ship re 

roar I ulkheads + Vending Machines - a 
tippled and speckled textures Toasters * Art Ware * Lamp Bases 


ranging from high gloss to * Space Heater Cabinets 


full matte 


Broad variety of textures and colors 
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A HIGHLY 
VERSATILE PRODUCT 
COMBINING 
HARDNESS OF GLASS AND 
STRENGTH OF STEEL 


New Technical Developments Make It 
An Even More Functional Design Material 


Technical developments such as those outlined here 
have broadened substantially the range of applica- 
tions where Porcelain Enamel can serve. Today 
Porcelain Enamel is no single material, but a whole 
class or family of materials embracing thousands of 
separate formulations. 


Improvements in Frit Formulations 

Some of the most dramatic technical advances have 
resulted from improvements in formulations for frit, 
the basic raw material in Porcelain Enamel. Frit now 
is a custom-designed material which is compounded 
specifically to produce optimum characteristics for 
every Porcelain Enamel application. 

More complex steel shapes, such as this toaster housing, now con be 


Thinner Coatings Porcelain Enameled due to one firing temperatures 


Reduction in over-all thickness produces a significant 
lessening of the danger of mechanical damage and 
also improves resistance to thermal shock. The 
result is an economical product of greater strength 
and durability—with no sacrifice of hardness, corro- 
sion resistance, gloss, color or other characteristics 


Lower Firing Temperatures 
Special frits, together with refinements in enameling 
techniques, have allowed enameling temperatures to 
be reduced by as much as 200°F. Now more complex 
steel shapes can be fired without distortion. Also, 
with many products extra bracing and other special 
improved frit formulations have done much to broaden applications for 


designs formerly required are no longer necessary Porcelain Enamel 


NOW AVAILABLE! NEW PORCELAIN ENAMEL ENGINEERING DATA FILE 


Contains much technical material never before available. Return this coupon for your copy 





(] Please send a copy of the new Engineering 
Data File 

(_] Please send information about possible appli 
cation of Porcelain Enamel 

to 


PORCELAIN ENAMEL 
INSTITUTE, INC. 
Associations Building 
1145 Nineteenth Street, N.W. 
Washington 6, D. C. 


Name 
Company > 


, -. 
Address a 7 S 
} 
} 


City State 
Please Print ( 
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LA1CO 
PRECISION MOLDED Catalogs 


Plastics and 


Bulletins 








To obtain copies of literature 
described below, circle corre- 
sponding number on reader 
service card. 


(O-1) Colloidal Dispersions—Book- 
let, 12 pp. Answers questions about 
physical and chemical characteristics, 
applications, production. Back cover 
lists technical bulletins available on 
uses Of colloidal graphite and othe! 
materials. Acheson Colloids Co., Port 
Huron, Mich. 





(O-2) Resin Data—Wall chart. De 
scribes casting resins, plastic surfact 
coatings, adhesives, cements and seal 
ants, impregnating resins, and tooling 
resins. Gives property data, perform- 
ance data, and applications. Chart 
may be folded for reference or mount 
ed on wall. Emerson & Cuming, In- 
| corporated 869 Washington St 


coordinated facilities for molding all types of | ©*™°™ M*sachusetts 
plastics under one roof saves time, cuts costs | (0-3) Plastic Materials—1958 Cata 


log, 144 pp. Gives current specifica 
tions and prices on sheets, rods, film 
AICO is a veritable one-stop shop- ery. Regardless of molding material, tubing and specialized plastics. Prop- 
ping spot for all your molded plastics molding method required or quan- erties and descriptions of the various 
needs. At AICO you will find skilled _ tities involved ... AICO is equipped plastics permit a check on the suita- 
technicians whose long and special- todo the entire job. Under one roof, bility of a particular material for 
ized experience keeps each job “on at AICO, you will find completely specific uses. Delta Products, 1400 
schedule” every step of the way . coordinated facilities to assure fast, Henderson, P.O. Box 1440, Fort 


Worth - 
from design, through mold building, economical production of all your ore I, Tex. 


molding, final inspection and deliv- custom molded plastics wae 
(O-14) Special Property Plastics 
AMERICAN INSULATOR CORPORATION Sa iene ar Ge tees eee 

cal properties of six special clear 
NEW FREEDOM, PENNSYLVANIA plastic materials and a coating mate 
rial for emergency repairs. Homalite 
Corp., Wilmington 4, Dela 


: FREE 10 HELP YOU MAKE BETTER USE OF PLASTICS <-55) Pintic Red and Tubes—< 
a | cular, 2 pp. Describes sizes and shapes 
AICO’S COMPLETE =n of extrusion moldings currently in 
PLASTICS MOLDING stock. Also, applications of extrusion 
SERVICE INCLUDES: molding in industry. Ace Plastics Co., 
compasses mosses AICO PLASTICS —— ae 91-30 Van Wyck Expressway, Jamaica 


PLUNGER MOLDING DESIGNER'S HANDBOOK AICO PLASTICS APPLICATOR FACILITIES BOOKLET 35, N. Y 
COLD MOLDING 





Tells and illustrates how low Tells molding material best Tells how to select a fully 
telson teleell, ie) unit cost con be ochieved suited for your product equipped molder to do your 
TRANSFER MOLDING through proper plastics tells how it should be molded job shows how to avoid 


reaneiran mOLDHG ree ep... shows tow <CIRCLE 251 READER SERVICE CARD 
MOLDING OF 


REINFORCED FIBERGLAS WRITE FOR YOUR FREE COPIES TODAY 

















Newest of the Garlock 2,000 








Maximum Resistance to Solvents and Heat 


Unharmed by exotic new fuels, solvents, acids, bases Hundreds of Applications. Gar! 
Garlock VITON A rubber parts are more resistant to harmful extruded parts are ' 


liquids than any other rubber known. Following is a partial 
list of liquids you can use in contact with VITON A. It has 


and other mechanic: 
which gives maxim 
and heat. 
extremely low swell in solvents: ; 
Also ; lable as s ng elements in KLOZUR 
OS 45 hydraulic Cellulube _ ’ “tgp an pas ‘M a 
. xxible members it CHANIPAK echanical 
and turbo oil Benzene Hexible met in MECHANIPAR , 
ASTM #3 oil Carbon tetrachloride 
ASTM reference fuel B Carbon disulfide , pt ; ; 
, . rent styles of packings, gaskets, and 
Kerosene Naphtha T . ytes pa gS, Zaske a 
JP-4 fuel Aniline ae 


Ethylene Glycol Trichlorethlene 

: , 0 ; 
Still flexible at 600° F. In addition to excellent resistance WHE CARLOCK PACEING COMPANY, Metmyen, MS. V 

: 3s ; ' vr 30 fF 
to deterioration by liquids Viton A rubber parts perform Fer Prompt Serwen, coated ene Gf Gu SO sates Giieee 
, , aoe a . ¢ , and warehouses throughout the U. S. and Canada 

excellently in heat up to 600° F. for limited periods of time 
without significant loss of elasticity. After oven aging for 1 


week at 500° F. Viton A shows only the slightest change in Gu RLOo Cc He. 


duro, tensile strength, and elongation characteristics. 


Rings, cups, CHEVRON* packing. VITON 


another part of “‘the Garlock 2,000” 


> only complete line. See your local Gari 


tive, or write tor turther iniormation 


Good compression set. Using the ASTM-D-395 method B Packings, Gaskets, Oil Seals, Mechanical Seals, 
for 70 hrs. at 350° F. it shows as low as 25% set. Molded and Extruded Rubber, Plastic Products 


*Garlock Trademark Du Pont Trademark 
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EXPENSIVE 
MACHINING 
ELIMINATED 


Combination clutch and pulley drive used in 
wide range of Westinghouse Laundromat® 
automatic clothes washers 


WHEN CHICAGO MOLDED 
SHOWS HOW NYLON CAN 


By coming up with an imaginative 
approach, Chicago Molded engineers 
eliminated a costly machining operation 
previously needed on this pulley slide 
when it was made of metal. The solution 

a nylon body with a stamped metal insert 
(sheet steel, flash plated with copper) 

This was no mean designing feat 

Chicago Molded engineers not only had 
to produce a less expensive part, but 
recommend materials and methods that 
would come up to commercial standards 
in mass production. This included meet- 
ing close tolerances on both the internal 
diameter of the shaft and the slot — not 
easy to mold on a multiple contour shape 
Another complicating factor was injec- 
tion-molding around a metal insert. 


C34 cince 253 READER SERVICE CARD 


REPLACE METAL... 
AND MAKE A BETTER 
PART, FOR LESS 


Working with the Westinghouse 
Laundromat engineering group, Chicago 
Molded also came up with a versatile, 
flash-free mold that could be used to 
make two different pulley slides. This is 
necessary bec ause there are two slide 
types, each with a different helical pitch 
(24° right and 14° left). What they did 
was design a multiple cavity mold that 
permits simultaneous production of 
both types. The secret: removable sec- 
tions in the mold for changing the pitch 


The success of this design illustrates 
the cost-cutting results you get by having 
Chicago Molded engineers work with 
your people in the blueprint stages. In 
suggesting materials and modifications 
they 
can, as they did for Westinghouse, make 


as well as in designing molds 


a better product at lower cost. Perhaps 
that’s why 66% of Chicago Molded’s 
business comes from firms served for 
over 25 years. 

Write today for a free subscription to 
Plastics Progress, Chicago Molded’s 
data-packed magazine on up-to-date 
developments in plastics. 


CHICAGO MOLDED 
PRODUCTS CORPORATION 
1032 North Kolmar Avenue, Chicago 2, Illinois 
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Thiokol 








RIGITHANE FOAMS 


offer ideal properties 
for ease and versatility in fabrication 


New THIOKOL Rigithane resin is the ideal foam 
for insulating, sound absorbing and vibration 
dampening applications. This new foaming resin 
offers great formulating flexibility . . . gives you a 
wide range of densities and properties. Rigithane 
can be “foamed-in-place” either by pouring or 
spraying — and cures at room temperature. 


THIOKOL Rigithane foams combine extremely 
light weights with exceptionally high strength. 
Foams from Rigithane display excellent thermal 
insulation properties, as well as good sound dead- 
ening and vibration dampening characteristics. In 


on Aatoko€. 


CHEMICAL CORPORATION 


780 NORTH CLINTON AVENUE + TRENTON 7, NEW JERSEY 


in Canada: Naugatuck Chemicals Division, Dominion Rubber Co., 
Elmira, Ontario 
"Registered trademark of the Thiokol Chemical Corporation for its liquid 
polymers, rocket propellants, plasticizers and other chemical products 
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addition, Rigithane foams can withstand temper- 
atures up to 250°F with no degradation of phy- 
sical properties. And they adhere strongly to many 
materials, including metal, wood, glass and fabrics 


As might be expected, Thiokol’s Rigithane foams 
are finding wide use in a great many industries 
They are particularly useful for insulating curtain 
walls, acoustical ceilings, food freezers and insu- 
lated panels for “reefer” or refrigerated trucks, as 
well as in protective packaging and light weight 
molding applications. In Rigithane, Thiokol can 
provide a foam custom built for your needs 


FOR MORE INFORMATION, mail coupon to Dept. 22, 
Thiokol Chemical Corporation, 780 North Clinton Avenue, 


Trenton 7, New Jersey. 


Gentlemen: Please send me further details about 


TH1okoL Urethane Foams. 


Firm ans 
Street 
City 


Your Name 
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SEND 

FOR THE 
MOXNESS 
STORY... 


SILICONE ona FLUOROCARBON 


Extreme Temperature Materials > 
> MOLDED 


Complete, modern, mass-production 
facilities in the hands of experi- 
enced operators who know Silicone 
and Fluorocarbon rubber fabrication 

plus continuing quality-control 
production checks all add up to 
the high standard of quality upon 
which Moxness stakes its reputation 


»*« BONDED 


These “‘samples”’ will show you why 
Moxness is fast becoming recognized 
as an authority in this specialized 
field of bonding rubber to many types 
of metals. The new Moxness plant 
provides ample facilities for rubber 
to-metal bonding to meet exacting 
specifications and production require 
ments. Inserts may be furnished by 
the customer or produced in our plant 


+ EXTRUDED 


Large, small, simple or complex 
here are samples of the wide range of 
quality extrusions you can expect from 
Moxness. And, special equipment and 
an exclusive process developed by 
Moxness for the precision production 
of extruded parts is the reason why 
you will pay less for quality extru- 
sions from Moxness 


ONE SOURCE... 
ONE RESPONSIBILITY 


Product Engineering ...Tooling... 
Production—Moxness offers a comp/ete 
one-stop service. Let us work with 

you at the planning stage. This 
one-source—one-responsibility 

is your assurance of obtaining 

the best part or product for your 
specific purpose at the lowest 
possible cost. Write for 

the Moxness Story today! 


INC. 
1914 Indiana Street + Racine, Wisconsin 
Subsidiery of NATIONAL RIVET end MFG. CO 


Catalogs and Bulletins continued 


(0-6) Rubber and Synthetic Parts 
Brochure, 6 pp. I[!lustrates and de- 
scribes products and facilities for 
processing. Included is table of prop- 
erties of natural rubber and most 
commonly used synthetics. Mechani- 
cal Rubber Products Co., 35 Vail Rd., 
Warwick, N. Y. 


(O-7) Phosphate Coating for Steel- 

Brochure, 4 pp. Describes various 
phosphate coatings on steel for bond- 
ing paint and protecting metal from 
underfilm corrosion. American Chem- 
ical Paint Company, Ambler, Pennsyl- 


Vvanila 


(0-8) Low-compression Butyl Com- 
pound— Engineering bulletin, 4 pp 
General characteristics, laboratory 
evaluation, and performance data on 
new rubber compound. Precision 
Rubber Products Corp., Oakridge 
Dr., Dayton 7, Ohio. 


(0-9) Silicones—Catalog CDS-129, 8 
pp. Gives data and descriptions on 
major silicone products. In addition 
to basic product and application in- 
formation, it lists General Electric 
literature providing reports about spe- 
cific silicones and their applications 
General Electric Co., Waterford, New 
York 


(O-10) Polytetrafluoroethylene Base 
Resin—Bulletin, 4 pp. Describes resin, 
advantages of parts molded from the 
material, and application advantages 
Curves and tables compare new ma- 
terial with Teflon. Data on mechani- 
cal, electrical, chemical and thermal 
properties is included. Polymer Corp 
of Penna., 2140 Fairmont Ave., Read- 
ing, Penna. - 


(O-11) Nylon Parts Sample Kit—<As- 
sortment of injection-molded nylon 
parts for use in experimental work is 
offered to design engineers. Nylomatic 
Corp., 107 W. Trenton Ave., Morris- 


ville, Penna 


(O-12) Epoxy Resins—Brochure, 8 pp 
Summarizes the uses of epoxy com- 
pounds in various industries. Covers 
plastic tooling, potting and impreg- 
nating, coating and adhesion. A chart 
denotes formulations recommended 
for many characteristic applications 
A checklist for storing, mixing and 
handling is included. Marblette Corp 
37-31 30th St., Long Island City 1 
N. Y 
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NEW FROM DU PONT RESEARCH 


Remarkable, resilient FAIRPRENE’ performs 
continuously to 500'F: resists fuels, 
lubricants, solvents and harsh chemicals 








Now, Du Pont research has developed an elas 

tic, resilient material—‘“‘Viton’”’ A fluoroelasto 

PHYSICAL PROPERTIES mer “with remarkable high-temperature and 
chemical resistance. In tests, “‘“Fairprene’’* sheet 

Original After 72 hrs. in dry air at: stocks and coated fabrics of this new material 

450°F 500°F for gasketing and diaphragm show excellent 

Tensile strength 1410 1270 1173 maintenance of basic properties at 500°F. This 
Elongation, Ultimate,% 200 153 153 new “‘Fairprene”’ resists acids, alkalies, ozone 
Durometer, Shore A 75 75 80 and weathering. It resists swelling and deterio 
ration in solvents, oils, lubricants and fuels. For 

Tests were made on new ‘‘Fairprene”’ fluoroelastomer sheet more information about these new ““Fairprene”’ 
stocks of .043" gauge and 24” width. Tests show excellent sheet stocks and coated fabrics of amazing 


maintenance of basic properties to 500°F “eur: ” : 
Viton” A*, mail the coupon—no obligation 


IMMERSION TESTS 


Fluid or Fuel Specification Temperature level—°F Volume swell—% 


JP-4 Fuel (Kerosene-base jet fuel) 212 
JP-5 Fuel (Kerosene-base jet fuel) 350 
Univis J43 Hydraulic Fluid (Oil type) 500 
Turbo Oil #15 (Diester-type lubricating oil) 500 
ASTM ¢3 Oil (Petroleum base, low aniline point oil) 500 
ASTM #1 Oil (Petroleum base, high aniline point oil) 500 
OS45 (Silicate ester base hydraulic fluid) 350 
SR6 (High aromatic test fluid) Room Temp 
SR10 (High aliphatic test fluid) Room Tem, 
Benzol (Basic aromatic hydrocarbon solvent) Room Temp 


Tests were made on new “Fairprene”’ fluoroelastomer sheet stock of .043" gauge and 24” width 
Information on fluids or fuels nct included can be developed by our laboratory on request 


Se Se SS nS Cc cc Sea 


**Fairprene”’ is Du P s registered trademark for its coated fabrics, sheet stocks 


DU PONT INDUSTRIAL cements. “Viton” A is Du Pont’s registered trademark for one of its syntheti 
COATED FABRICS Mail coupon now for more information about new “Fairprene” with amazing ‘Viton’ 
SHEET STOCKS - CEMENTS 


E. 1. du Pont de Nemours & (x 
Fabrics Division, Dept. PE-89, Wilmington 98, Delaware 


Please send me more information on this new “‘Fairprene’’ with remarkable 


high temperature and chemical resistance 


Name___ Position 





Company ___ 





"6 us. par orf 
Addreas 





BETTER THINGS FOR BETTER LIVING... THROUGH CHEMISTRY 
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Cob V2 
—. gy ANCHOR 
JOHNSON | Ault 


for your 


metered be EXTRUSIONS 








D MOLDED PARTS 
mena to your 
Have your problems—heat, cold, color, 


oil resistance, and close tolerance — VA specifications ~ 


solved by experts 
Two plants with complete facilities for 


designing, compounding and finishing, ’ 4 4 NS . 
to your specifications. 4 aS , “4 J fs 4, ‘ \ 
Convenience: Branch offices in leading J oY” pf Ved 4, X 
cities for personal service. yA Z / y 6’ 
Products finished to Commercial and Govern- 
ment Specifications Shapes, Rods, Tubes, Fabricated Extruded Parts, 
Write today for additional information Curved Extrusions*, Plasti-Metallic Trim Moldings. 
SPECIALISTS IN COMPLICATED SHAPES ® We have made more complex extrusion dies than 
anyone we know. 
® Our 17 years’ experience in custom-extrusion and 
fabrication is your assurance of top quality service, 
at minimum cost. 
® No die charge for rods or tubes. 
® Send us your prints for prompt quotation. *Pat. 
JOHNSON RUBBER COMPANY WRITE FOR INFORMATIVE BROCHURE “EXTRUDED PLASTICS” 


Senemmmereemin || ANCHOR PLASTICS CO., INC. 
CHAGRIN FALLS, ONO 36-36 36th St., Long Island City 6, N. Y. RA 9-1494 
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See how | 
the 7 steps in 
felt * 


fits in PLATE CAM DESIGN 


. Now available in booklet form, this 7-part article will 
W ith / guide you all the way from deciding cam shape to designing 
cam follower. Contributing to its speedy helpfulness are 
your a charts and equations developed with the aid of modern 


computers. 


products! annette: 


¢ Select profile curves and blend them 
Analyze pressure angles 
Decide best radius of curvature 
Evaluate dynamic loads in the system 
Calculate mass moments of inertia 
Design cam followers 
Simplify solution polynomial cam curves 


This 48-page booklet is priced at $1.00 per copy 
FRE Samples and Applica- Write: Reader Service Department 


Let us 

show you how 

to save money 

and increase 
efficiency with the 
proper use of felt. 


tions of Industrial Felt. 


ceeemninn PRODUCT ENGINEERING 


CONTINENTAL FELT company. inc 330 West 42nd Street 
22 wes Sth STREE NEW YORK n Y i York 36, N. Y. 
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HE USES FOR DENNISON INDUSTRIAL CREPE are already extremely diversified 


ranging 


all the way from binding tape for flyswatters to transformer insulation. In fact, anywhere you 
are now using cloth or paper industrially, you may well find that Dennison Industrial Crepe will 


do the job better and at far less cost. 


These dominant properties of Dennison Industrial Crepe 
account for its almost unlimited potential: 


CONFORMATION OR “WRAPABILITY”’. This enables 
Industrial Crepe to fit snugly to contours, corners and 
curves without tucking or pleating . . . to flex and fold 
with limited surface distortion. Small wonder it’s an 
ideal material much less expensive than cloth 
for wrapping and taping. 


STRENGTH. Regardless of the bodystock used, the 
creping process adds to the useful tensile and edge-tear 
values. Certain high-density kraft stocks produce crepe 
tapes of great strength which are ideal for automatic 
taping. Other stocks produce tapes ideal for sewing. 


STRETCH. Dennison Industrial Crepe is produced in 
a variety of controlled elongations, ranging from 20% to 
300% stretch. In addition, crepes with either one-way 
or two-way stretch are available. Two-way creping, 
in particular, imparts the cloth-like property of drap- 
ability to Industrial Crepe. 


TEXTURES. Fine textures and calendering are generally 
employed where smoothness or thinness is desired 
for laminating, coating, ease of automatic feeding, 
or space-saving compactness. Likewise, calendering 
reduces bulk without affecting elongation. 


SPECIAL TREATMENTS. A wide range of colors makes 
Dennison Industrial Crepe suitable where a decorating 
or distinguishing effect is desired. War impregnation 
are available for greater ease of handling, as in the 
case of tapes. Flameproofing for non-electrical crepes, 
wet strength, and water-repellency are also available. 


ELECTRICAL PROPERTIES. Dielectric strength and 
electrical purity are properties of the electrical grades 
of Industrial Crepe. The low-density ‘“‘saturating”’ 
grades have a dielectric strength of 100 to 150 volts 
per mil in the base paper . . 
a strength of 250 to 300 volts. Creping neither adds to 
nor detracts from the dielectric quality. 


. the high-density grades, 


Here are some of the many products already using Dennison Industrial Crepe 





If you would like to try Dennison Industrial 
Crepe to solve your next problem, we will be 
glad to send a generous quantity for testing. 
Just tell us the end-use, width, stretch and any 
other special requirements. 

Write Dennison Manufacturing Company, 
Dept. 60, Framingham, Mass., or contact your 
nearest Dennison Sales Office. 
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Framingham, Mass « Drummond 
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SELF-ADHERING 


MIRRO-BRITE 


vr vy 


METALLIZED AND LAMINATED 


GIVES THE MAGIC TOUCK 


of gleaming metallic highlights 


TO YOUR PRODUCT 


for added eye appeal 
... greater sales appeal! 


Want to dress up your product to outshine 
your competition? Mirro-Brite “Mylar” pro- 
vides the perfect answer. Application is 
simple... peel off paper backing and press. 
Amazingly tough, non-tarnishable Mirro- 
Brite “Mylar” will stick permanently to its 
job of beautifying your product. Also avail- 
able without pressure sensitive backing. 
Its versatility is unlimited for a wide 
variety of usages in tapes or cut-to-size 
panels. Many colorful finishes, lamina- 
tions and embossed patterns. 


Write Now for actual samples and prices. 


DEPT. PE? 101 W. FOREST AVE. ENGLEWOOD, N.J. 


PIONEERS in METALLIZED MATERIALS! 


Manufacturers of Mirro-Brite “Mylar,” 
Acetate, Polystyrene and Butyrate. 


C40 cnc 261 reaver service carp 


Catalogs and Bulletins continued | 


(O-13) Polyurethanes—Brochures (3). | 
Discusses usage, processes, 
tions, physical properties and engi- 
neering data on rigid, semirigid and 
| flexible polyurethanes. The material is 
formed by a mixture of two liquids | 
| which then foam and bond with cavity | 
walls. American Latex Products 
Corp., 3341 W. El Segundo Blvd., 
Hawthorne, Calif. 


| (0-14) 
| tains 


Free Lubrication Kit—Con- 
dry lubricant, applicator and | 
| metal part, plus instructions for test- | 
ing. Lubricant is used where extreme | 
temperatures extreme pressures 
|are a factor. EverLube Corporation, 
6940 Farmdale Ave., N. Hollywood, 
California 


on 


(0-15) Coating Chemicals for Alumi- 
num—Bulletin 1424-A, 4 pp. Dis- 
cusses advantages of coating, meth- 
ods of application and equipment 
used in the process. Lists types of 
metal products treated, and includes | 
selection chart. American Chemical | 
Paint Co., Ambler 1, Penna. 


(0-16) Rubber Parts—Chart. Stand- 
ards of dimensional tolerances, finish | 
and inspections as applied to molded 
products, cut parts, rubber-covered 


rolls, extruded 


formula- | 





punched parts and 
in natural rubber, neoprene, 
rubber, GR-S, Thiokol and} 
butyl. Williams-Bowman Rubber Co., | 
1945 S. 54th Ave., Til. 


parts 
nitrile 


Cicero 50, 


(0-17) Solid Film Lubricants—Cata- 
log LB-6-1157, 16 pp. Describes eight 
different solid-film lubricants and their 
applications. Specs and performance 
data are included. Electrofilm, Inc., 
P.O. Box 106, North Hollywood, 
Calif. 


(0-18) All-purpose Epoxy Casting 
Resin—Bulletin RPD 300, 4 pp. De- 
scribes and explains features of new 
resin. With details of physical proper- 
ties, hardness and thickness charts and 
prices. Rezolin, Inc., 1651 18th St., 
Santa Monica, Calif 


(0-19) Chromium-alloy Coating 
Brochure, 24 pp. Defines the process 
of depositing a hard, dense, nonmag- 
netic alloy on the surface of the base 
metal to increase wear and corrosion- 
resistance. Gives 
cusses case histories. Electrolizing 
Corp., 1505 East End Ave., Chicago 
| Heights 5. 


test data and dis- 





SMALL METAL 
COMPONENTS 


| FINISHED IN 


STEEL 
COPPER 
STAINLESS 


DO NOT DRIVE POINTER 
BEYOND STOP LINE 


* We Fabricate 


* We Porcelain 
Enamel 


* We silk screen 
any design 


What’s your problem? 
Porcelain Enamel has solved hundreds of 
industrial finishing problems. We do metal 
fabrication and porcelain enameling. Intri- 
cate screened-on designs our specialty 


WRITE for descrip- 
tive literature on our 
facilities and tech 
nical assistance on 
small components 


CIRCLE 262 READER SERVICE CARD 
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‘PLASTICS FOR BETTER 
PRODUCT DESIGN 


RICHARDSON | 


COPPER-CLAD INSUROK 


Choice of various grades. Copper bonded to one or both 
sides. Outstanding electrical properties after humidity con 
ditioning. High flexural and tensile strength. Holds metal 
inserts and lugs securely. Excellent bond strength and heat 
resistance. 


FABRICATION 


Complete facilities for punching or machining precision 
parts from laminated INSUROK to your specifications in any 
quantity—for electrical or mechanical applications 


MOLDED PLASTICS 


Parts molded from standard or special plastics materials as 
required for your product, including newest plastics. Pro 
duced by compression transfer or injection processes 
Metal inserts molded in position. 





LAMINATED INSUROK 


Available in sheets, rods, and tubes in NEMA and special 
grades. Properties to meet practically any electrical or me 
chanical requirements. Many sizes and thicknesses 


technical services Write for 12-page booklet 


; ; : "INSUROK® Laminated Plastics—Molded Plastics 
Experienced Richardson engineers will analyze your re- 


quirements and help you select the material, and best 
manufacturing process for your needs . . . and when your 
requirements are unusual, Richardson offers extensive The 
background for developing special plastics materials for 


etna inten a cases esos RICHARDSON COMPANY 


complete facilities and techniques for molding, laminating, 
molded laminates, and fabricating. You are assured the LAMINATED AND MOLDED PLASTICS 
correct material and process for each application. These . 
research, design, and engineering services are yours with- oo - 
out cost or obligation, of course. Write or phone, today. Dept. 16A, 2793 Lake Street 
Melrose Park, Ill, 
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PLASTIC MOLDED KNOBS Form-Dipped Industrial Rubber Parts 
FOR INSTRUMENTS, CONTROL PANELS, ETC. and Rubber Coated Metal Parts 


eee @0@ 

. . . & @ & @ | \ i i i 
“ As specialists in the 
™ production of all types 
= of industrial rubber 
. oa | parts by the dipping 
Ne, iat process, we have 
developed many 


px is. oe techniques which help solve your rubber parts problems. 
as © fe 4 @ am @ Midwest can meet all your requirements for caps, 
\ 2 A iy covers, bellows-type seals, sleeves, etc... . and for 
. < rubber or Plastisol coating of metal parts for thermal 


From Stock Molds @ No Tool Charge e@ Fast Delivery | or electrical insulation, corrosion protection, sound 


abatement or enhancement of a ran 
Huge selection of shapes, sizes and colors available from Rogan’s ppecrance. 


stock molds. Military knobs included. No tool charge, fast Send for our free illustrated brochure and see what 


delivery. Markings can be branded to your specifications. Save Midwest quality, economy and service can mean to you. 
time, save money, use Rogan's stock molded plastic knobs 
Send for free catalog 


Complete Custom Molding Service | tid 
wert Rubber 
ROGAN BROTHERS | “60a eh u + 


8025 N. Monticello Ave., Skokie, Illinois 14279 E. Nine Mile Rd., Box 328, East Detroit, Mich. 


CIRCLE 264 READER SERVICE CARD CIRCLE 265 READER SERVICE CARD 


NOW -::-A NEW FINISH 


colorful, practical vinyl plastic 


ir-Tom t= Veatiat-tike) aioe eak-it-t 


Can be permanently laminated to metal . . . flat sheets or 
continuous coil. 

Can be crimped, shaped, bent or drilled without damage to 
textured finish. 

Won't chip, peel or fade. @ Resists abrasion. 

Easy to keep clean with soap and water. 

No special mac hiner) required. 

Forming or stamping can be 

done on present equipment. 


Unlimited color and design WMasland Duran 





selections. 


A new and more functional finish for 
THE MASLAND DURALEATHER CO., Dept. PE greater sales appeal. That's Masland 
Amber and Willard Sts., Philadelphio 34, Pa. Duran Clad, bringing the texture, 

warmth and color versatility of prac- 
tical vinyl to countless products. ~ 
NAME Find out how your product can have 
ee this modern money-saving finish vinyl surtacing 
COMPANY ‘at Write for free folder. 


ee Industrial Products Division 


THE MASLAND DURALEATHER CO., 
Dept. PE, Amber and Willard Streets, Philadelphia 34, Pa. 














Please send me samples of Masland Duran Clad 





a 
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ELECTRICAL —TFE resin is an almost ideal insulator, MECHANICAL 
with stable dielectric properties and a 500°F. tem- frict 
perature rating. This coax switch handling 55 KW 
average RF output in the UHF band is made possible 
by components of TEFLON TFE resin. 


Combining the lowest coe 
on of any structural material 5 
sealing properties TFE resis often the 
possible to fill a design need. Tt pums 
seals and bearings of TEFLON TFE resin 


Here’s why outstanding designs in all fields 
feature components of TFE-fluorocarbon resin 


a 
CHEMICAL _ One of the most inert substances known, TFE resin is ’ ul DIN T TT aa r a ©) NJ 
unaffected by the most savage corrosives. It is not harmed by acids mo. 
bases, solvents—even at high temperatures. That's why so many 
parts of this chemical valve are made of TEFLON TFE resin 
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YOUR FUTURE IS GREAT IN A GROWING AMERICA 


Electronics is one of our fastest growing indus- 
tries. By 1965 there will be thousands of new 
needs and new jobs. 


CHEMICALS 


Today there are more than 800,000 workers in 
chemicals and related industries. By 1970, there 
will be twice as many! 


TRANSPORTATION 


growing population demands constantly 
Result 


ties, new jobs in the coming Jet Age. 


easing mobility thousands of new 


| i id 
Pe, | 


NUCLEAR ENERGY 
Nuclear energy is now supplying power for 
ships and electric plants. Future possibilities 
are virtually unlimited. 


COMMUNICATIONS 
As our nation grows, the demands made upon 
communications grow proportionately. Thou- 
sands more needs, more jobs 


FOODS 
The trend is to labor-saving, ready-to-eat pack- 
aged foeds. This new phase of an old industry 
will need thousands more workers 


7 BIG REASONS FOR CONFIDENCE IN AMERICA’S FUTURE 


1. MORE PEOPLE— Four million babies year- 
ly. U. S. population has doubled in last 50 
years! And our prosperity curve has always 


followed our population curve 


2. MORE JOBS employment in 
some areas has fallen off, there are /5 million 
more jobs than in 1939 


>> 


Though 


and there will be 
million more in 1975 than today 


3. MORE INCOME — Family income after 
taxes is at an all-time high of $5300 
pected to pass $7000 by 1975 


iS €X- 


4. MORE PRODUCTION—L. S. production 
doubles every 20 years. We will require mil- 
lions more people to make, sell and distribute 


our products 


5. MORE SAVINGS—Individual savings are 
at highest level ever— $340 billion—a record 
amount that is now available for spending. 


C44 


6. MORE RESEARCH — $/0 billion spent each 
year will pay off in more jobs, better living, 
whole new industries. 


7. MORE NEEDS—In the next few years we 


will need more than $500 billion worth of 


schools, highways, homes, durable equip- 
ment. Meeting these needs will create new 
opportunities for everyone. 


* * * 


Add them up and you have the makings 
of another big upswing. Wise planners, 
builders and buyers will act now to get 
ready for it. 


FREE! Send for this new illustrated booklet, “Your Great 


Ever-increasing opportunities in research, de- 
velopment and production. In the field of 
antibiotics 50°, more workers will be required. 


he giant school-building program now begin- 
ning will offer new jobs to many tt 
construction workers 


ousands ol 


CONSTRUCTION 
3 million workers will benefit from new high- 
way and construction programs—and even 


more workers will be needed soon 


Marketing includes sales, consumer research, 
product and package design, advertising and 
public relations. All need new skills every year 


and many thousands of new workers 


GREAT 
FUTURE 


Future in a Growing America.” Drop a postcard to: ADVER- 


TISING COUNCIL, Box 10, Midtown Station, New York 18, N.Y. 


GROWING 
AMERICA 
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Forming Titanium Extrusions 
by |. J. Wilson 


Forming Plastic Sheet 


Pearlitic Malleable Castings 
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Dependability of Nickel Steels 
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American Machinist 


Forming 
titanium 
extrusions 


I. J. WILSON, Design Specialist North American Aviation, Inc. 


Stretch-wrapping, joggling (double offset 
bending), and degreeing (simple bending to 
specific angle) operations were carried out on 
titanium extrusions (6AL-4V and AIIOAT) to 
see how shaped stock acted, if differently, from 
Ti sheet. Though these evaluations are incom- 
plete, they show how difficult to work titanium 
can be if not handled properly. 


On: of the troublesome factors in forming titanium 
extrusions is the condition of the as-extruded surface 
Surface condition varies from extrusion to extrusion, and 
even varies on a single extrusion. Die marks in the 
form of grooves and ridges that run the length of the 
extrusion, Fig. 1, are easily seen. This affects the ability 
to bend the material parallel to these marks 

Titanium is sufficiently notch sensitive to cause cracks 
to start and propagate in the grooves. Extent of the 
cracking is a function of the degree of bend, but almost 
any degree of bend will produce cracks, Fig. 2. Oxide 
scale which penetrates the surface, to varying depths, is 
a source of cracking during forming operations. This 
can be eliminated by surfacing the extrusion, either by 
sand blasting, machining, or possibly pickling. All of 
these methods may be satisfactory but all of the samples 
tested were machined. Extrusions are set up with an 
additional 6 in. of material allowance on each surface 
and machined prior to forming. This is not proposed 
as a solution to the problem, but until an acceptable 
extruded surface can be supplied it is required 

Machining costs are approximately one dollar a foot for 


a simple angle which has six surfaces. This is costly and 


Fig. 1—Die marks on typical titanium extrusion. 


D2 


Fig. 2—Cracks in titanium extrusions as a result of extreme 
notch sensitivity. Almost any degree of bend will produce 
cracks. Machining reduces notch sensitivity. 


time consuming, and in many instances creates further 
problems which affect formability. Inconsistencies within 
the material, and oxidation, results in a surface condition 
not normally associated with a machined surface, specifi- 
cally rough spots and occasionally an occlusion. Warpage 
occurs, but presents no problem if the part is subsequently 
stretch formed to remove warpage caused by machining 


WRAPPING 


The forming limits of shrink and stretch are determin- 
ed by stretch wrapping. In a sense, this is analogous to 
unform elongation, but is a function of elasticity and the 
tensile and compressive strengths of the material as well 
One of the best shapes for this test is a “T” section. By 
controlling the pull on the stretch wrap machine the 
point about which the extrusion bends can also be 
controlled. The inboard side being shrunk and the out- 
board side stretched. One of the problems is the relatively 
short range between the yield strength and the ultimate 
strength of the material—in other words the formability 
range. It is also found that as the temperature is increased 
the ultimate tensile allowable decreases, Fig. 3, faster than 
the yield tensile allowable. The result is an even shorter 
working range and reduction in formability. As the tem- 
perature continues to increase, the working range decreases 
until it reaches a minimum at some temperature and then 
the trend reverses itself. At a temperature of about 1250 


Temp —> 


ig. 3—Working range vs temperature for extrusions. 
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F the spread between yield and ultimate become sufficient 
to increase the formability to a point where some benefit 
can be derived by heating to this temperature 

If the area of the extrusion requires a reduction in the 
tensile yield, heating to a temperature of six Or seven 
hundred degrees may help, provided the formability re- 
quired does not exceed the limitations imposed by the 
reduced working rance at that temprature. For design 
purposes an acceptable bend at room temperature is one 
that stretches less than 18% and shrinks less than 8% 
These are arbitrary values and further work is being done 
to gain more specific data. It should be noted that this is 
only for extrusions machined on all surfaces. Stretch of 
20% in combination with shrink of 4% can be achived and 
by reducing the pull it is possible to shrink to 10% with a 
resulting decrease in stretch to 8%. This applies to a given 
extrusion with a given bend radii. By decreasing the radius 
and maintaining the same percent of stretch the percent 
of shrink would necessarily increase. Whether the maxi 
mum allowable stretch could be maintained in conjunc- 
tion with maximum allowable shrink has not yet been 
determined but tests are being made 

When shrink exceeds this maximum figure the material 
Fig. 4, breaks down completely. In an effort to eliminate 
this, the stretch was increased and the extrusion broke, 
Fig. 5. From the appearance of the break and the absence 
of necking-down it appears that the extrusion has con 
siderable resistance to assuming any shape other than the 
one it was extruded in. Up to a point the rate of forming 
has no effect or formability, but beyond that the working 
range is decreased, the tensile yield increases. This occurs 
until the region of high energy forming has been reached 
Despite the difficulties encountered extrusions may be suc 
cessfully formed, Fig. 6, by following basic rules 

Joggle run-out is a function of the minimum bend radii 
and the ability of the material to flow in the run-out area 
Surface condition plays an important role, but even a 
machined surface is not a guarantee of good results. A 
bad surface condition will aggravate the situation but this 
is a typical joggling problem. Better tooling that would 
hold the the material sufficiently to prevent differential 
bending is the most successful corrective step. Five times 
the joggle depth has been established as a practical working 
figure. Heat is of no great value except to decrease the 
horsepower required to do the job until a temperature of 
approximately 1250 F has been reached. Successful jogg!- 
ing can be attained through the use of proper tooling 

The following steps are a summary of the pertinent 
points in forming titanium extrusions 

1. Secure a good surface condition, machine, sand blast 
or pickle 

Form at room temperature or above 1250 ] 

3. Do not exceed the limited shrink and stretch allow 
ables of the material 

4. Use a generous bend radii 

5. Use proper tooling 

If these points are followed, titanium extrusions may 
be formed with a minimum of wastage 


REFERENCE: 

Test Results on Forming Titanium Extrusions, by I. J. Wil 
son, Design Specialist, North American Aviation, Inc. Pub 
lished in the American Machinist September 23, 1957, pp. 121 
123. 
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Fig. 4—Breakdown of titanium extrusion when the maxi- 
mum permissible shrink is exceeded during stretch 
forming. 


Fig. 5—Increasing strétch to decrease shrink results in 
breakage. Note the absence of necking down. 


Fig. 6—Samples of successfully formed “T” shaped tita- 
nium extrusions. 
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From: American Machinist 


Choice between molding and forming a plastic part 


Forming 
plastic sheet 


depends first on the design and wall thickness of the 
piece and second, upon the economic factors involved. 
However, rapid and low-cost tooling is possible and 


actual production can be achieved in days against 


months for molding. Thermoplastic materials used in the 


sheet forming process are listed on p. D-6. 














LALLA L LLL 
Air exhaust 








Vacuum forming is the simplest and easiest of the several 
forming methods. Generally, parts formed by the vacuum 
method over male molds are stronger than those fermed in 
female molds. In multiple unit male molds, a grid frame is 
often used to assist the material-drape for proper forming 
Draping over the male mold allows heavier wall sections at 
the greatest degree of draw, or the highest area formed 
Materials will vacuum form easily up to 3/16 in. thickness 
Heavier gages must be carefully heated and formed while 
the material is pliable. Thermoplastic sheets up to “% in 


vill form as readily as “% in. sheet if uniformily heated 


y 
Z 
LiL hk dda, 
Framed sheet is stretched over 

male plug before vacuum is pulled 


Drape forming is thermoforming with a male mold. Heated 
sheet must be completely draped over the male mold before 
vacuum or pressure is applied. With the male mold, maximum 
stretching caused by the sudden action of the vacuum takes 
place around the rim section of the part. It can be reinforced 
by a bead-like rim, a crimping operation, or some other 
mechanical method when the part is joined at assembly. 


D4 
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Draw forming is accomplished by using a stationary male 
plug with a draw ring. The ring draws the wrinkles out of 
the material and remains in contact with the metal 

last 


20% of the draw. Fit between the ring and plug 


only for the gage of the stock. Heated material, if unframed, 
will often drape down over of the mold; it is pushed an 
other 44; and the ring does final forming on a simple part in 
the last 20 to 25 of the distance. Better forming plastic 
materials now allow parts to be formed and drawn in one 
operation. On all types of plug forming, mechanical helpers 
can be used and incorporated in the dies to form the part 


Comparative Costs of Typical Forming Molds 





Part Size Mold material Type « 


Round 3 in. diz Mahogany 
tray 
TV in. uni Cast alum 
mask inum 
Freezer 30 in Mahogany 
liner 4 in. squares 
Tote Wood & 
box in masonite in 
Aluminum $750 
Refrig- f Wood um $1250 
erator Aluminum $2800 
liner 
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wT U 
Material has draped over plug about + 


Ring begins to descend while materia! slips 
up into the forming. 











4 





c 





U0 u 
Slip ring has come in contact with spring loaded 
pressure ring clamping moteriol. 
Ring draws and smoothes bionk 


- Air pressure 
Clomp 


-Relef holes 
Air pressure is used instead of vacuum 


/Shoped helper 
-Clamp 








To obtain heavier bottom section 
Helper stretches heated sheet down into mold 
before vacuum is applied 


Slip forming—a form of draw forming 
maximum part strength. In 


is used to develop 
plug and ring methods, (upper), 
the material is not permanently held in a frame, but allowed 
to slip into the bottom sections, corners, and side walls. Blank 
is cut 10% more in length and width than total part size 


In female mold with plunger and air pressure, (lower), ma 


terial is draped over one gasket and into the mold. Plunger 
almost forms the entire part, and compressed air is introduced 
between plunger and material. Air causes final detail forming 


as material is forced into the machined cavity details 
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Mold Sheet 
\ / y , Upper section 
i Ch 
Ob 6 Yj Jz oe 


ere eS Mold” TL] ~Lower section 














Match plate mold forming uses metal mold 
forming ring. A male and femak 
Heated material 


mold-sectior 
1S placed between mold secti 

is closed forming the part. Parts with 
designs on one side of the sheet can be 
corresponding depressions on the opposite 
rapidly dissipated in the thicker sections 

tact with the metal surfaces. This method o 
the closest to metal 

When heavy sections 

should be water or 

of heat. Excess heat 


range between 15 


Vocuum exhaust 


—Male moid 
Clamp 


Air exhousted from cavity, preheated sheet is pulled down 
Male plug moves down to predetermined position 








Vacuum applied to mole plug ond released in covity 
Sheet “snaps bock" on plug 


Snap-back forming 
vacuum box and the 
is applied to DOX al 
level. Male Pp 


s transferred to tl 


and forms shee 
sures more uniforn 
Method permits 
sheet that could 
sion molding wit! 


part removal 


Continued on next page 


REFERENCI 

How to Thermoform Plast 
Ir.. Campco, a Divisior 
poration. Published in 

p 105-120 
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TYPICAL THERMOPLASTICS USED IN SHEET FORMING PROCESS 





MATERIAL 


Cellulose 
acetate 


Acetate 
butyrate 


Rubber-modi 
fied styrenes 


1] 
oF aii Ss 


Rigid-PVC 
Type 1 (UP 
VC) polyviny] 
chloride 


Rigid-PVC 


rype 2 


Polyethylene 
standard 


Elastomeri 


formsof vinyls 


Polystyrene 
general 


purpose 


Plasticized 


copolymers of 


styrene and 


butadiene 


| 


APPLICATION APPEARANCE 


good surface fin- 
ish; range of 
colors also clear; 
transparent 
form metallizes 


packaging 
toys; games; 
displays 


displays; air same as above 
plane interi 
ors; skylights; 
lighting fix 
tures 
packaging same as above 
electrical in 

struments 


extreme clarity 
cl water-clear 
transparent outstanding de 
auto roofs gree of optical 
skylights; | clarity 

lighting fix 

tures 


windows; en 
losures; 


complete range 
of colors, matte 
or glossy surface 


toys; games 
packaging en 
closures; parts 
requiring 
strength and 
appearance 


chemical 
structures 


transparent 
translucent 
opaque; indus 
trial; colors 


industrial, 
im colors 


parts 
ing high 


pact 


requir 


wide variety of 
finishes 
dull to 


packaging 
toys; hous 
ings; luggage 


colors, 
from 
gloss, 


lighting _fix- 
tures; items 
presenting a 
fire hazard 
packaging 


excellent surface 
finish, clarity, 
and colorability 


machine en 
closures; tote | matte smooth, 
boxes; specia r grain finish 
containers 

ducts, panels 

interior trim 

in aircraft 


good color range; 


STRENGTH 


excellent impact and 
toughness; good ten- 
sile and flexural 
strength 


toughness, 
and im- 


greater 
resilience, 
pact 


extreme toughness 


excellent flexural and 
tensile strength; suf 
ficient flexibility to 
resist shattering 


good impact; good 
dielectric strength 


normal impact 


high impact 
nent low 
strength 


perma 
tensile 


low-temperature 
flexibility and impact 


resistance 


excellent tensile 
strength; high mod- 
ulus of elasticity; 
good flexural strength 


good 


low impact, 
tensile strength 


outstanding impact; 
good tensile and flex- 
ural strength; good 
low temperature im- 


pact 


ADVANTAGES 


fair dimensional stability; 
resistant to weak acids 


good stability, dimensional 
stability, weathering char- 
acteristics; low shrinkage, 
low moisture absorption 


high stability maintains 
characteristics at low temp- 
eratures; good electrical 
properties 


high heat resistance; rigid- 
ity; optically clear; good 
weathering characteristics 


dimensionally stable; highly 
resistant to moisture and 
chemicals; non-toxic; low 
specific gravity 


inert to many chemicals; 
excellent weathering 


lower chemical resistance 


than Type 1 


excellent moisture - vapor 
barrier; good chemical re- 
sistance; exceptional elec- 
trical properties; low spec- 
ific gravity 


good dimensional stability; 
low coefficient of thermal 
expansion; self-extinguish- 
ing properties 


used in other forms of fab- 
rication 


high dimensional stability; 
good dielectric properties; 
odorless and tasteless; ex- 
cellent moisture resistance 


relatively high heat-distor- 
tion (183F); deep draws; 
good flexibility when com- 
bined with high rubber con- 


tent 


| DISADVANTAGES 


high coefficient 
of expansion; 
limited dimen 
sional stability 
relatively high 
moisture ab 
sorption; long 
term aging 


slight odor not 
optically clear 


amber in clar 


high fabrication 
cost, low impact 
strength 


lack of rigidity 

lowsurfacehard 

ness; poor flex 
fatigue; dis 

colors under ul 

traviolet; solu 

ble in acetones, 
ketones, toluene, 
benzene, carbon 
tetrachloride 


creeps under 
load 


creeps under 


load 


low oxidation re 
sistance; high 
creep; low heat 
distortion temp- 
erature; poor 
cemerting prop- 
erty 


high speci 


gravity; limited 
thicknesses 


high flexibility 


low specific 
gravity 


less rigid than 
other styrenes 


| 
| 
| 
| 


COSTS 


moderately 
low 

est in 
of trans 
parent ma 


terials 


} 
LOW 


cost 


lowest with 


outdoor 


properties 


high but 
economical 


feasible 


high but 
economical 


feasible 


of 
thermo- 
plast 
sheets 


lowest 


slightly 
above 


average 
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Pearlitic malleable castings 


Table I - Tensile Properties of Pearlitic Malleable 
Iron (Requirements of A.S.T.M. Specification A 


220-55T) 





Min ult Minimum 


tensile yield 


Minimum 
clongation 
strength, point per cent 
Grade psi psi in 2 inches 
45010 000 45,000 10 
45007 000 45.000 

48004 70.000 48 000 

50007 75,000 50 ,000 

53004 000 53.000 

60003 000 60 .000 


80002 000 80 .000 


Brinell 
hardness 
number 

range 


163-207 
163-217 
163-228 
179-228 
197-255 
197-255 


241-269 





A rYPICAI 


for pearlitic 


3000-lb cupola charge 
malleable consists of; 
720 Ib, sprue 1050 Ib 
risers), pig iron 230 Ib, 
coke 330 Ib. This 
melt is used to make both standard 
and pearlitic malleable, the difference 


steel scrap 
(gates and 


limestone 120 Ib, 


is in the casting heat-treatment 


MOLDING 


Pearlitic malleable castings are 
made in green-sand molds that com- 
monly consists of special sands, clay 
or bentonite, water and some carbon- 
aceous material, such as sea coal or 
pitch 


W ood, 


Patterns may be made from 


plastics or metals, depending 
on the type of casting and quantity 
needed made in 


dry-sand molds and molds” 


Castings are also 
“shell 
Shell molds are 
caStings that 
dimensions, or 


(resin-bonded sand) 
used for require ac- 
involve intri 
cate shapes and pockets 


The castings cool in the mold and 


are removed, 


curate 


cleaned and inspected 


for foundry defects, and tested 


Fig. 1—Typical strength properties for 
air-quenched pearlitic malleable iron. 


ANNEALING 


Castings are heated to about 1750 
F for about 12 hr, in an inert atmos- 
phere, then lowered in 
to about 1650 I 


air. In 


temperature 
and cooled by forced 
second-stage annealing, the 
castings are drawn at temperatures of 
1200 to 1325 F, 
ASTM grade 
are checked for 


ness to maintain 


depending on the 
Sample lots 
Brinell hard 
control 


required 
propel 
Specimens 
also may be cut from castings and 
polished to check for microstructure 
Standard %-in. tensile test bars may 
be pulled to check 
strength, and elongation 

ASTM 


or further local harden- 


vield, ultimate 


Castings requiring 
80002, Fig. 1, 


grade 


ing, are reheated, after annealing, to 
1550 F and quenched in a constant 
temperature oil bath of 145 F. The 
castings are then drawn in the same 


manner as the other ASTM grades 


PROPERTIES 


available in 
Table I, and 


controlled by 


Pearlitic malleable is 
various ASTM grades, 
its properties can be 


Fig. 2—Typical strength properties for 
oil-quenched pearlitic malleable iron. 
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O. K. HUNSAKER, Technical Director 


Ironton Malleable Div., Dayton Malleable Iron Company 


Readily cast, easily machined, with strengths of 
45,000 to 80,000 psi yield and 60,000 to 100,000 psi 


ultimate, pearlitic malleable can be hardened to 62 


Rockwell C. These properties plus its low cost, gen- 


erally cheaper than other materials of comparable 


strength, are the prime reasons for its increased use. 


' 


the heat treatment used 


2. Hardenability of the 


Figs. | and 
material ts 
shown by the typical curves in Fig 


3. Impact strength of pearlitic mal 


leable is second only to steel and 


notch sensitivity is comparable to 


other ferrous alloys of comparable 


Strength. Machinability of pearlitic 


malleable is about 120 per cent 


} 


pared to mild steels 


CONCLUSIONS 


Pearlitic malleable may be easily 


cast and cored as required to mini 
mize machining. Machinability is su 


perior to other ferrous materials of 
equal strengths. The material may be 
used in many cases to replace weld 


ments, ftorgings, and other ferrous 


castings 


REFERENCI 

Pearlite Malleable Manufact 
Use by O. K. Hunsaker, Technical 
Malleable Div 
Malleable Iron Co. Presente 
ASME Annual Meetin 
N. ¥ 


rector, Ironton 


December 195 


Fig. 3—Jominy hardness test on three 


grades of pearlitic malleable iron. 
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From: Bell Laboratories Record 


Conductive and 
resistive coatings 


R. J. PHAIR, Bell Laboratories 


Thin conducting layers of a specified size, shape 


and resistance to serve as an electrical shield or to 


perform an actual circuit function are frequently re- 


quired. One of the many ways of formulating and ap- 


plying such conductive layers is the use of resins or 


lacquers pigmented with metals or carbon. These can 


be applied like paint to give thin resistive films in com- 


plex geometric patterns or may also be used advan- 


tageously to apply over irregular surfaces. 


On: of less well-known uses of 
paint coatings is to conduct electricity. 
Ordinarily, paint pigments are chosen 
for their color or weather-resistant 
quality, but if certain types of metallic 
or carbon pigments are properly dis- 
persed into a binder or 
“vehicle,” the result will be a coating 


resinous 


that is electrically conductive. 

Such coatings are very useful in 
communications circuitry. Among 
their other applications, conductive 
coatings have been used as resistor 
terminations, in printed-wiring  cir- 
cuits, on flexible waveguides, on loss- 
producing elements in microwave at- 
tenuators, and in many other areas 
where a thin conductive film is 
required to give necessary results. 

The vehicle used to contain the 
conductive pigment may be any one 


of a great variety of air-drying or 


oven-drying substances. Selecting the 
proper vehicle is an important con- 
sideration in any particular applica- 
tion, involving the manner in which 
the coating is to be applied and its 
effect on the underlying surface. This, 
however, is in some ways a separate 
problem and pigmentation is the chief 
factor determining the electrical be- 
havior of the coating. 


PIGMENT CHARACTERISTICS 


Electrical conductivity is developed 
in the coating by particle-to-particle 
contact. The particles are dispersed 
uniformly throughout the coating to 
result in a multiplicity of paths in all 
directions. Electrical conductivity of 
the coating depends upon the con- 
centration of particles, their conduc- 
tivity, and the resistances of the 


particle-to-particle contacts. The over- 
all resistance of a conductive coating 
is described as a certain number of 
ohms “per square.” The factors men- 
tioned above as determining conduc- 
tivity have nothing to do with the size 
of the area covered. In its circuit, 
the coating will exhibit a resistance 
determined by its shape—that is, by 
the proportionate dimensions of the 
rectangular, square, or irregular area 
that it covers. With a square area 
and a constant thickness of film, the 
resistance from one side to the op- 
posite is constant, regardless of the 
size of the square. 

For maximum conductivity, a me- 
tallic pigment that does not oxidize 
or combine chemically with the ve- 
hicle or the atmosphere, or a pigment 
whose 


reaction products are also 
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conductive is used. Such metallic 
pigments as aluminum and copper 
are eliminated, since these form non- 
conductive surface layers. Finely di- 
vided silver is the most frequently 
used, though special cases may require 
gold or nickel. The silver most fre- 
quently employed is in the form of 
high purity, flake-like particles averag- 
ing about 0.1 micron thick, 10-20 
microns wide, and up to 40 microns 
long. With silver-pigmented coatings, 
resistance levels as low as about 0.1 
ohm per square are attainable. 

For higher levels of resistance—in 
the range of 40 to 1,000 ohms per 
square- rhe particles 
are obtained from Ceylon graphite 
refined to a purity of 97-98 per cent, 


graphite is used 


in flake form with an average size of 
2.5 microns. Films of still higher 
resistance levels—from 1,000 ohms 
up to the megohms region—are ob- 
tained by pigmenting with carbon 
black or with combinations of carbon 
black and graphite. These materials 
are finer in particle size; the particles 
average 0.05 micron and their con- 
ductivity according to the 
amount of graphite form of carbon 
present in the carbon black 


Varies 


SILVER PIGMENT COATINGS 


Characteristics for a typical con- 


ductive coating are shown in Figs. 1 
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The film used for the data of 


acrylic ester 


and 2. 
these 
polymer pigmented with silver. This 
coating will air-dry and is suitable 
for use on many thermoplastic com- 
pounds. The electrical behavior of 
such films, however, is largely inde- 
pendent of the vehicle, and are typical 
of silver in a number of resinous 
binders presently in use 

Resistance in ohms per square is 
plotted, Fig. 1, against silver-pigment 
concentration in per cent of pigment 
by volume of the dried film. The 
various concentrations refer to films 
of equal thickness (0.0003 in.). From 
this curve, it is seen that there is a 
rapid lowering in resistance with in- 
creasing silver content up to a con- 
centration of about 30-35%. Higher 
pigmentation results in a small addi- 
tional lowering of resistance, but con- 
expense and of the 
satisfactory film 


curves was an 


siderations of 
preservation of 
characteristics usually limit the con- 
centration to a maximum of about 
40%. Resistance can also be changed 
by changing the thickness of the film, 
Fig. 2. The curve resembles an 
hyperbola approximating the hyper- 
bolic function R-r(l/a). where r is 
a constant and R, /, and a are the re- 
sistance, length, and 
area of a conductor. For resistive 


cross-sectional 


films, this expression reduces to R- 














»&, 2 


Silver pigment volume 


35 40 


concentration in percent 


Fig. 1—Resistance of silver-pigmented 
film versus concentration of silver; thick- 
ness held constant at 0.0003 inches. 


Product Engineering — Mid-September, 1958 


r/t, where R is resistance per square 
and f is the thickness of coating 
It should also be noticed, Fig 

that the silver-pigmented coatings ap- 
proach conductivity at 
thicknesses. of 
thousandths of an inch. To achieve 
minimum resistance, use such films at 
the maximum silver concentration of 
40% and obtain a film with a resis- 
tance as low as about 0.06 ohm per 
rhis is about 50 to 60 times 


maximum 
about 6-7 ten- 


square 
the resistance of silver or copper metal 
of identical dimensions. Copper foil 


used in printed-wiring circuits 1s 
usually about 5 times as thick as such 
films (approximately 3 thousandths of 
an inch), therefore, the resistance of 
the silver-pigmented coating is 250 to 


300 times greater than the copper 


GRAPHITE PIGMENT COATINGS 


The emphasis thus far has been on 
films that employ silver, but often it 
is desired to produce a film with a 
higher specific level of resistance, in 
which case the material used is graph 
te. As with the silver-pigmented films, 
adjusted by 


resistance 1S varying 


concentration and thickness. During 
aging (8-10 days) at 125 F, the initial 
value of resistance drops to a more 
stable value 

The curves, Fig. 3, are drawn to 
illustrate another important considera 
tion in designing conductive films. It 
can be seen that by varying graphite 
content, the curve can be made to 
level out” at any particular value of 
resistance. This allows more variation 
in film thickness without a marked 
change in resistance; when film thick 
ness approaches 0.001 in., Fig. 3, a 
10% variation in thickness has little 
effect on the resistance value 

Careful control in applying films is 


nonetheless necessary An automatic 


per squore 


hms 


e 


Resistor 


Fig. 2—Resistance vs thickness of 
film for 30% by volume silver pig- 
ment. Max conductivity: 0.0006 in. 
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spray machine has been developed for 
the purpose, and it is necessary to 
regulate very precisely the air-drying 
speed and to build up the required 
thicknesses of films carefully by the 
application of several layers. With this 
type of control, the over-all resistance 
of a film can be held within plus or 
minus 5 of the nominal value, and 


variation of resistance over fairly 


large areas (12 by 2% in.) can be 
held within similar limits. Unless there 
is absolute necessity for such close 
tolerances, however, 10 Variation in 
over-all resistance is allowed, although 
variation Over adjacent sections of the 
area 1S maintained at plus or minus 
5%. This applies not only to the 
graphite-pigmented coatings, but also 
higher 


to carbon-black coatings at 


Fig. 3—Resistance versus thickness 
of film for two graphites. 





Fig. 4 — Resistance versus film 
thickness for four concentrations 
of carbon black, acrylic ester poly- 
mer used as the binder. 


Dio 


levels of conductive-film resistance. A 
complete range of resistances from 
1/10th to 10° ohms per square may 
be obtained, Fig. 4, by proper selec- 
tion of pigmentation and film thickness 
of carbon-pigmented coatings 


BINDER CHARACTERISTICS 


In all of these coatings, the organic 
binder holding the pigment is affected 
by environment. As temperature or 
humidity increases, the binder swells 
and the intimate 
particle-to-particle contact and con- 


result is a_ less 


sequently an increased resistance. 
These effects have been measured for 
graphite-pigmented, air-dried films 
8,000 ohms per square films increased 
in resistance by about 0.33% for each 
per cent increase in relative humidity, 
and 200 ohms per square films sim- 
ilarly exhibited an increase of about 
0.25%. The 200 ohms per square 
graphite films showed about a 0.20% 
increase in resistance for a tempera 
ture rise Of one degree F. Vehicles 
cured by oven-baking can be used to 
reduce such temperature and humidity 
sensitivity. Silver-pigmented coatings 
showed temperature and humidity co 
efficients of about 4 these values 
Air-dried films exhibit a short-term 
aging effect: resistance drops rapidly 
in the early stages but apparently 
levels off after about 8-10 days at a 
value about 25% less than the original 
[he materials are not stable, how 
ever, and if the film is further aged 
at 125F, resistance continues to de- 
crease gradually over a period of two 
years. The final value is less than 50% 


of the original. While this is unde 


A-Cooting ar-dried BO minutes. boked 


[Pein ait BO res ) 


+ 30 mnutes ot J50F + 
foating boked 94 hours, 50 
minutes ot 48OF 4 
removed from oven, cooled ht 
room temperature for 50 
L/@Or Cover Cool "9 applied 
Returned fo oven of 4826 
Boked $2 hours, 20 munutes oi 
482F 
> Hemoved from ven 


room temperature 


, CO0leT 








60 80 100 120 

Time in hours 
Fig. 5—Change in resistance of a 
graphite-pigmented silicone coat- 
ing during oven baking and appli- 
cation of a clear cover-coating. 


sirable, it is difficult to avoid, espe- 
cially when the film is applied to a 
temperature-sensitive base material 
such as oriented polystyrene. This 
material cannot be heated above 150F 
without distortion to the film. 
Greater stability is attainable by 
using binders that are heat-cured at 
high baking temperatures: such as a 
resistive coating that uses a silicone 
resin binder with 40.5% by volume of 
graphite as the pigment. This film was 
provide an_ electrical 
element for use in 


developed to 
loss-producing 
radio-relay systems. 

Prolonged baking and other proc- 
essing is required to achieve stability, 
Fig. 5. This curve shows the resistance 
history during baking of the graphite 
film over a period of 160 hours. The 
peak in the curve at 97 hours (point 
D) results from the application of a 
clear over-coating at this time. The 
clear coating is applied for mechanical 
protection and as a moisture barrier 
against short-term increases in relative 
humidity. The temperature and hu- 
midity effects on this film are much 
reduced. Resistance increases only 
about 0.12% for a one degree F rise 
in temperature and only 0.05% for a 
one per cent rise in relative humidity 
Long-term stability is also consider- 
ably improved; a 105 ohms per square 
film aged for five months with peri- 
odic increases in temperature up to 
300 F drops only one ohm to a final 
value of 104 ohms per square 


CONCLUSIONS 


Conductive and resistive coatings 
are not substitutes for metals where 
very low resistance is required, but 
at higher resistance values they offer 
many advantages. Where tailoring re- 
sistance to specific values may be a 
complex problem in the mixing, fusing, 
or alloying of solid materials, the 
metallic pigmenting of a liquid binder 
is often a much simpler procedure 
for certain applications. Temperature, 
humidity, and aging effects complicate 
the design of films in some circum- 
stances, but films are nevertheless pre- 
ferable in many instances because they 
can be applied over irregular shapes 
and in complex geometric patterns. 


REFERENCE: 

Conductive and Resistive Coatings by 
R. J. Phair, Bell Laboratories. Published 
in Bell Laboratories Record, September 
1957. pg. 331-335. 
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N )N-UNIFORM response of alloy steels 
to heat treatment is sometimes caused 
by incomplete solution of carbon dur 
ing the austenitization process. It is a 
result of: (1) too low a heating tem 
perature before quenching; (2) insuf 
ficient time at temperature; and (3) 
degree of spheroidization and types of 
alloy carbides in the prior structure 

In furnace heating these effects may 
be met when heat treating thin-sec 
tioned parts for short heating times 
and when treating alloy steels in which 
carbides have been partially or fully 
spheroidized to facilitate machining o1 
forming operations. The effects are 
particularly noticeable with the typ 
cally short heating cycles of induction 
and flame-hardening processes 

Table I lists results of the relation 
ship between furnace heating time 
original structure, and the hardening 
response of alloy steels. Table I] shows 
the relationship between furnace heat 
ing time and hardenability of induc 
tion heated alloy steels 

The following conclusions can be 
drawn from these investigations 

) Short furnace heating times for 
a spheroidized alloy steel result n 
lowered hardening response as com 
pared with normal heating times for 
the same steel with a prior structur 


produced by normalizing 
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From: Inco Nicke 


Dependability of 
nickel steels 


Effects of time and temperature of heating, and prior structure, 
on the hardening response of alloy steels. Laboratory investigations 
define and explain service performance properties of nickel steels. 


2) There may 
ences in the degree of response to 


hardening of different alloy steels with wtur raisec 
Mo steel, AISI ty 


r 


extended and temper! 
spheroidized structures even when 6) The ¢ 


furnace heated for normal length of shows the slowest response to 


time—1 hr per in. of dia thickness tion heating it Cr-Mo 


+340 and Cr-\ 
it I he 


pt 


3) Hardening response of spheroid 
ized alloy steels is improved at short ooo 
heating times proportionately Teste betresat 
heating temperature is raised ckel steels are 
the uppe! critical range, Ac to “on t-treatment. Thev 
4) Depreciated hardening response harden fully, and therefore develop 
from a spheroidized structure is gen expected properties under wid 


higher 
Cr, Cr-Mo, and particularly the Cr-\ 
steels. In proportion to their alloy 


erally more persistent in the ‘ P 
tions In struc 





level, straight nickel stcels show littl 


depreciation of hardening response 


S$) Induction-heated alloy steels 


with quenched and tempered 


structures follow the same patt 


behavior as indica iDOVE Har 





rABLE 
Quench 


I—Effect of 
Hardenability of 


Heating 


Expressed as Re Hardness Deficiency from the 
Hardness of Bars Normalized Prior to Reheating 


and Quenching. 








lime on End 
Spheroidized 


FABLE Il—Hardenability of Induction Heated 
Steels. Alloy Steels Expressed as Hardness Deficiency 
from the End Quench Hardenability of Furnace 
Heated Steels. 
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From: American Machinist 


Ultrasonic machining 


Fig. 1—Transducer consists of a stack 
of nickel laminations that shortens in 
length when current passes through the 
winding. Tapered cone magnifies trans- 
ducer motion to produce larger vibration 
at tool than at transducer stack. 





_— size 


+ + + 


Note: Curve is for 
metals only 


+ 


10 15 20 25 30 
Surface finish(microinches) 











Fig. 2—Surface finish versus grit size of 
abrasive in water suspension. 
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Introduced some five years ago it was considered a 
novelty, but it is now regarded as an indispensable 
machining technique. In review, here are the basic 
principles and production-proved handling methods. 


T HE primary importance of ultrason- 
ic machining is its ability to cut such 
materials as tungsten carbide, har- 
dened tool steel, and ceramics quickly 
and easily, and to simplify the design 
of parts made from these materials 
Conventional methods, for example, 
require that carbide dies be made in 
sections and each section ground in- 
dividually. With ultrasonics, the most 
complex shapes can be produced from 
solid material in a fraction of the 
time previously needed. Cost savings 
per part are usually substantial, and 
where several units of the same de- 
sign are needed, an ultrasonic setup 
may be amortized in a short time 
Although normally best suited for 
hard, brittle materials that are diffi- 
cult to machine with conventional 
equipment, ultrasonic machining has 
also been used to make intricate cuts 
and long narrow slots in such rela- 


tively ductile alloys as stainless steel 


OPERATING PRINCIPLES 

The heart of any ultrasonic grind- 
ing machine is a transducer, Fig. 1, 
which converts electrical energy into 
mechanical vibrations. This vibratory 
energy is transmitted through a shaped 
tool to an abrasive grit which actu- 
ally removes the material. The face of 
the tool must be an exact counterpart 
of the finished surface that is desired, 
but the tool, being soft, is relatively 
simple to produce with standard equip- 
ment, even in complex shapes. 

The vibration or tool motion is 
produced by magnetostriction. This is 
the property certain 
metals such as iron, nickel, and co- 
balt, which dimensional 
change when exposed to a magnetic 


possessed by 


undergo 


field. Nickel is that most widely used 
of this group because dimensional 
changes are among the largest—about 
thirty parts per million 
of the excellent resistance to corrosion 


and because 


and mechanical shock, and forma- 
bility exhibited by nickel alloys. 
Dimensions of the cone that con- 
nects that transducer to the tool are 
important for proper amplification, 
but need not be held to closer toler- 
ances than +0.010 in. The bond be- 
tween the tool and cone, however, is 
critical. In most instances, the stress 
at this point will range from 20,000 
to 40,000 psi so silver soldering is 
generally used. Soft soldering and 
plastic cement have proved satisfac- 
tory in special applications involving 
very small amplitudes of tool motion 
The cutting tool is the male coun- 
terpart of the cavity desired in the 
workpiece. As the tool vibrates, an 
abrasive slurry is passed between the 
tool and the work, Fig. 3. Tiny par- 
ticles of abrasive are accelerated by 
the motion of the tool tip and are 
driven against the work with tremen- 
dous impact. These chip or grind ma- 
terial from the work, according to the 
contour of the tool. Where there is 
a projection on the tool, material will 
be removed; where there is a hole on 
the tool face, no material will be re- 
moved. To maintain a constant grind- 
ing force, the work is fed to the tool. 
Because of the small mass of abra- 
sive required, the total grinding force 
on the workpiece is generally less than 
ten pounds. Thus, there is no tendency 
for distortion, 
heating of the part. Also, it is not 
generally necessary to clamp the work; 
nor is there any tendency for the tool 


internal stresses, or 
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Abrasive fed 
through side 
of tool tip 


Abrasive fed 
down through 
cone to holiow 


Fig. 3—Methods of feeding abrasive 
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of obrosive 


A brasive tu bing 


tool through hollow spindles or guided by grooves. Water to 


abrasive ratio may have to be increased from 1:1 by volume for difficult feeding problems or with complex tool shapes. 


to wander. The cutting Operation can 
be stopped and restarted at any time, 
and tools or abrasives can be changed 
without 


causing any recentering or 


relocating problems 


CUTTING RATES 

Metal can be 
depending largely upon the amplitude 
tool 


removed at a rate 


of vibration of the Large am- 
plitudes produce large accelerations of 
the abrasive particles and facilitate 
the flow of the abrasive 

Typical values of amplitude vary 
from 0.004 in. for tools with a small 
0.0006 in. for 


cutting-face area to 


Ampli- 


tools with large cutting faces 


tudes less than 0.0006 in. are not 


generally practical, because the rate 
of material removal will be small and 
cutting time will be excessive for most 
practical or production applications 
Other factors 


metal 


which determine the 


rate of removal include the 


type and size of abrasive and the 


physical properties of the material 


being worked. As a general rule, cut- 
ting rate decreases as the toughness 
of the work material increases. Thus, 
the cutting rate for most alloy steels 
will be lower than that for brittle ma- 


terials such as glass and ceramics 


ABRASIVES 

The abrasive is suspended in water, 
making a slurry that should be kept 
well mixed while it is being pumped 
to the tool. Since the cutting rate de 
pends upon the amount of abrasive, 
the quantity of water should be kept 
to the minimum that will assure good 
instances the 


distribution. In most 


Fig. 4—One-piece dies for extruding and blanking made from impact grades of 


carbide and tool steel. Tolerances were 


ratio should be close to 


must be kept free 


slurry 


volume. The slurry 


from all contaminants such as oil 


grease. and wetting agents, so a closed 


svstem is generally used. About one 


gallon of water with five pounds ol 


abrasive is adequate for most ma- 


chines now available and will last for 


several months of normal service 

Grit size determines finish on work 
Fig. 2. No. 800 grit 
0.00014 in., No. 180 is 0.022 in. Ma 


terial may be boron or silicon carbide 


SIZ 1< shout 


aluminum oxide, or similar grit 


TYPICAL APPLICATIONS 


Ultrasonic machining cuts holes 


slots, intricate cavities, and complex 


hole and cavity materials 


that are extremely difficult or 


shapes in 


impos 


sible to machine with conventional 


equipment. It should not generally be 


considered for the removal of large 
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0.0002 in.; time per die about 45 min. 


amounts ol 


looked upon as a 
standard macl nes R 
equipment suf 
metal removy 
their range of 
Metal dies for 
ind drawing oper 
typical examples 
readily made w th 
ment faster a id m 
than is possible with conver 


Mo is Tor 


buttons that go into mercury 


chining methods 


ire another good example of 


; 
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parts made to prec 
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From: Metalworking Production 


Precision compression 


forming 


Re-strike of rubber-formed channels and curved, flanged 


bulkheads by compression forming permits flange angle and 


the moldline width to be held to extremely close tolerances. 


R e-sTRIKI operations on channels made in high-strength 
aluminium alloy causes the grain structure of the metal 
to yield in compression by 12 to 142% and makes possible 
control of flange angles within +45 min and the mould- 
line width to +0.010 in. Little springback occurs, and 
what there is is consistent from part to part. Elastic 
recovery, or elongation in width of the web, usually 
amounts to 0.007 in. after removal of the piece from the 
die. Such precison simplifies alignment and reduces the 
need for rework at assembly. 

A conventional rubber-forming press or a mechanical 
press with a double action can be used for compression 
forming. The process involves two applications of pressure 
First, application of about 100 psi to a rubber form pad 
inside the part to make the metal spread out and fit the 
die interior, and secondly, application of a compressive 
force endwise to the flanges, in order to set the metal 
Total pressure applied should be in the order of 1,000 
psi over the rubber-forming press table. If the above 
pressure requirement can be met, as many set-ups and 
pieces can be formed simultaneously on a rubber-forming 
press as there is room for them on the press platen 

Compression-formed parts are made by two press set- 
ups. The steps are 

1. The sheet-metal part is formed to broad tolerances 
by a conventional rubber-forming procedure, using pres- 
sures of about 1,000 psi 

Joggles in the rubber-formed part are defined and 
any waves in the flanges are removed by handwork if 
they are too severe. Then the part is bandsaw trimmed 
to establish a uniform flange width 

3. The preformed part is then heat-treated (to 925 F 
for 30 min, in the case of 7075T or high-strength 7075T6 
aluminum alloy) and then water quenched. As a result, 
for a period of 20 min to one hour, the metal is malleable 
and suitable for compression forming 


+. The soft part is placed in the compression forming 


Di4 


die, which has contours made to the outer dimensions of 
the master part. This feature of the die eliminates com- 
pensation for thickness variation of the metal. When the 
part has been compression-formed, and is removed from 
the die, the part recovers by a uniform and predictable 
amount. 

5. The part is now artificially aged by heat treating at 
250 F for 24 hours to acquire maximum hardness and 
strength—72,000 psi. In this final condition, the part is 
more accurate than if it had been machined from a casting 
or forging, and is produced at a saving of at least 50% 
in manhours over the machining method 


MAKING THE COMPRESSION DIE 


After compression forming, the flange angle springs in 
from B, the die angle, to B, the part angle, Fig. 1. This 
effect is taken into account in making the die 

Before making the die, an undersize master pattern is 
required. To produce the master, a templet is made to 
the outside mouldline of the part. Recast aluminium plate 
is rough sawn oversize to the templet outline, and the two 
pieces are fastened together. To finish the master, an 
angle-contouring machine is employed to cut the maste! 
0.0035 in. narrower than the templet on each side 

Experiments show that the flange moves in about | deg 
from the die surface after compression and the web in- 
creases about 0.007 in. from mouldline to mouldline. To 
make use of a full-size master (no springback or mould- 
line correction) a special procedure was developed. Steps 
are as follows 

1. The steel-die base has a channel machined wide 
enough to receive inserts and is deep enough to accom- 
modate a stripper 

2. Aluminium angles are placed inside the die opening 
and about % in. from the master model. The angle sections 
are tipped inward 1 deg by means of a shim, and mould- 
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Fig. 2—Form-die radius and flange-angle surface are 
made by pouring epoxy resin between master and angle. 
Die angle 
Port angle 
Spr ngd cK . Spr ng in 
Preform interference 3 Tolerance to engineering loft 


C Engineering loft 





Fig. 1—Aluminium channels over-formed on a block, 
spring back to A,. When compression formed to die 


angle B, the ejected part closes into angle 8). WIL 


line width is increased by another shim placed between 

















Stripper and angle. Epoxy resin is then poured, as shown 





in Fig. 2. Spring-in of 1 deg is necessary when working 


Fig. 3—Shims are removed to throw inserts at correct 


0.081 in. 7075 to 1 ¢ radius : : 
‘ ; die angle, and spaces between angles and die base are 


3. When the epoxy inserts are to be assembled to the filled with epoxy resin 


die, the shims are removed. The inserts rotate outward 
| deg and move 0.007 in. inward. Epoxy is now poured 
to fill the space between the aluminium angles and the 


die walls 





4. End dams are added to contain rubber pad pressure 


5. A stripper plate is essential because the work will 





stick tightly at the bottom of the die in the radius tangency 
area. The stripper plate rests on rubber cushions counter- 
bored in the die base 














6. The pressure-pad assembly consists of three parts 





(a) a metal plate that lies in the bottom of the preform to 
prevent distortion of the web up to the area of tangency 








(b) a rubber pad of 40-60 shore hardness, and (c) a lower 





pressure pad acted upon by pressure pins supporting the 


upper pressure pad 

















When the rubber platen applies pressure to the upper 








pressure pad, the rubber die insert forces the flanges 








tightly against the die walls. A rubber force of at least 





100 psi is needed to prevent the flanges from buckling 
under compression loads. Width of the upper pressure pad 











is made about three-quarters the width of the lower pres 











sure pad. Height of the upper pressure pad is adjusted 


to obtain desired pressure in the rubber before the punch Fig. 4—Timing of the die is such that over 500 psi is 


built up within the rubber die insert before the punch 
Normally, the punch assembly consists of two cold- blades apply compressive force to the flanges. 

rolled steel blades attached to an aluminium spacer. A 

multiplier piate on top ts not attached to the blade assembly 

to avoid springing the latter out of shape if any bending 

is caused by rubber pressure. The width of the multiplier 


assembly applies pressure on the flanges 


plate is developed to obtain a compression force of 27,000 REFERENCE 
psi in the flanges, that is, 20% above the yield point of Compre 
7075T in the fresh W condition Metalwork 


Product Engineering — Mid-September, 1958 





| D| FABRICATION AND PRODUCTION PROCESSES 


Castings of 


ARMASTEEL 


so tough they replace forges 
so machinable... they reduce 





finishing costs 





MIN. MIN. MIN. % 
TENSILE YIELD ELONGATION 
STRENGTH (PSI) | STRENGTH (PSI) | IN 2 INCHES 


HARDNESS 


CLASSIFICATION CHARACTERISTICS (BHN) 








A MA S T E E L Recommended for less highly 


stressed ports. Replaces steel 163-207 
parts in 1020-1035 S.A.E. 
range 





A R MA S T a ‘7 [ Recommended for moderate | 


strength plus adaptability to 


selective hardening. Replaces 197-241 
M parts in 1035-1050 S.A.E. 


range. 





A R MA S T E E L Recommended for high degree 


of strength. Replaces heat- 241-269 
treated parts in 1040-1050 
S.A.E. range. 





High resistance to wear and 

ARMASTEE L high yield strength, yet retains 

machinability. Requires no 
hect-treating ond possesses 269-302 
same strength and wear char- 

acteristics as alloy steel 

forgings. 























& CENTRAL FOUNDRY DIVISION 
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Because ARMASTEEL castings are so machinable, so resistant to wear and shock, and so adaptable 
to selective hardening, they are rapidly replacing many parts formerly machined from bar stock or 
steel forgings 


ARMASTEEL, a pearlitic malleable iron, possesses the same strength and performance character- 
istics usually associated with plain carbon steel. In addition, ARMASTEEL contains exc€llent bearing 
properties, has high yield strength, good damping capacity, maximum rigidity and excellent fatigue 
life. Accurate control of heat-treating operations in the manufacture of ARMASTEEL produces a 
fine, uniform grain structure and provides excellent finishing qualities 


Four different types of ARMASTEEL can be cast to your specifications. One of the four (GM 84M, 
GM 85M, GM 86M or GM 88M) will have the physical properties to best meet the requirements of 
your application. For example, ARMASTEEL castings are being successfully used in the automotive, 
appliance and implement fields for such parts as gears, pistons, crankshafts, rocker arms and universal 
joint yokes, all of which utilize to best advantage the outstanding characteristics of ARMASTEEI 


Some of these applications are shown in the table. Look them over carefully; you may find that these 
characteristics and advantages of ARMASTEEL can help reduce your costs. . 
duction and improve the performance of your products. 


» increase your pro- 





Typical ARMASTEEL castings 





Becovse of the greater physica! prop- 
erties of GM 86M ARMASTEEL. it wos 


tien from 2.26% per piece to 1.44% 
per piece. 





GM 85M ARMASTEEL provides o crank - 


shoft with more desirable machining 
characteristics than o forged crankshaft 
of SAE 1045 steel. improves machin- 
ing of journals and reduces cheeking 
stock. Use of GM 85M ARMASTEEL 
made possible the redesign of the 
crankshaft with o iting 3.54 weight 
reduction ond a lower moterial cost 





By converting tc GM 85M ARMA. 
STEEL, drilling and boring operations 
were elimineted on this crenkshoft 
sprocket. Stock in rough pert wes 
reduced from 1.93% in forging to 
1.00% in casting. Customer realized 
reduced piece price with GM 85M 
ARMASTEEL 








This planet gear carrier wos formerly 
forged from SAE 1141 steel, which re- 
qvired o heot treatment after rough mo- 
chining ond breaching operations. By 
converting to GM 88M ARMASTEEL, hect 
tr wes el d and the weight 
of the rough port wos reduced 





By converting to GM 88M ARMASTEEL 
for this universal joint yoke, hole thru 
hub could be cast in eliminating o 
drilling operation and reducing weight of 
port approximotely 30% GM 86M ARMA 
STEEL pert hes lower piece price then 
forging formerly used 





GENERAL MOTORS CORPORATION ° SAGINAW, MICHIGAN . DEPT. 26 
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let KIRK end BLUM 


bring your drawings to lite 


»--on weldments and components 


E. r 48 vears, Kirk and Blum has been 
bricating steel components for some 
n’s outstanding manufacturers 
ntaining their confide n 
tantial savings in time and cos 
r the nature of your fabr 


ire that Kirk and 


na spec ial equipme nt 


tation. 


KIRK. Lum 


MANUFACTURING COMPANY 
3223 FORRER ST. 


CINCINNATI 9, OHIO 


=, 


~~ 


een 
iS 


a 
oo a 
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Here's the answer to prototype parts 





and short run production... 







MU METAL 
BRASS 
INCONEL 
ALUMINUM 


DEEP DRAWING, HYDROFORMING, COPPER 
SPINNING, STAMPING, PIERCING, CARBON STEEL 
ASSEMBLING, SPOT WELDING, STAINLESS STEEL 
ANNEALING, TOOL MAKING, ETC. NICKEL 

LEAD 

PEWTER 

ZINC 

MAGNESIUM 

MOLYBDENUM 

TITANIUM 
SILVER 
SPECIAL 



















ALLOYS 





KAUPP SAVES TIME 
REDUCES COSTS - 






PRECISION METAL 
ee] iil, be 






Complete Service 
from Design to Delivery! 











Consult KAU PP for accurate met 








<> components in production quantities 
; 4 short runs or prototype piece 
‘ ) Precision metal-working machin« 
- combined with a quarter century of 
ELECTRON ELECTRICAL experience assures high speed metal 






forming to closest tolerances. KAU PP 


engineers will be happy to discu 








your requirements and make 


rn Z recommendations on the economica 
- 
production of your precision meta _ 












~ ee 
i. parts or sub-assemblies. New —— 
Catalog und bulletins ay uilable now 







Re« i 





Metal Craftsme? 


since 1924 


c.B. KAUPP eae SONS 


NEWARK WAY, MAPLEWOOD, N.J.—Tel. SOuth Orange 3-2490 ‘ 
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IN MAGNESIU 


Stiffness and strength for applica- 
tions such as instrument 
carried in missiles or high altitude 
aircraft. They withstand internal 
pressures up to 30 psi. 


cases 
a i 





First operation in producing the shell of the 
Earth Satellite (Project Vanguard): two Mag 
nesium hemispheres, deep drawn in a single 
stroke. When assembled, they are polished to 
mirror-brightness 


ng 


This ribbed modulator cover is also deep 
drawn in one stroke of the press 





Another B&P spe- 
cialty: fusion- 
welded assemblies 
in Magnesium, with 
maximum radiation 
surfaces to dissi- 
pate heat 


WRITE ON YOUR LETTERHEAD, PLEASE, 


ere's Help 


FOR YOU WHO 
DESIGN FOR 
LIGHT WEIGHT 


A handy guide for Magnesium and 
Titanium applications: this Data 
Book. It gives you weights, stresses, 
machining properties; advantages 
and limitations of these metals i 
comparison with others; many ite a- 
charts and ° 10 pages. 
B&P, pioneers in the fabrication 
and assembly of light metals, has 
deve lope ~d many tec hniques for eco- 
nomical production. Here are some 
examples: 


IN TITANIUM: 


Assemblies that withstand pres- 
sure in the range of 3000-6000 
psi. An important use: containers 
for compressed gases where light 
weight is essential. 


“de sign notes.” 


Ball-type Titanium 
pressure tank: two 
hemispheres joined 
by a circumferential 
weld. Many sizes 
and shapes avail 
able, both spherical 
and dome-end; also 
odd shapes to fit 
specific contours 


Titanium parts are assembled very easily by 
spot welding or arc welding—as this part 
shows. 


=) 


This drawn Titanium tank head 
diameter 


AND GIVE YOUR 


TITLE, when sending for the B&P Data Book. 


BAS OK S & PERKINS, 


Magnesium-Titanium Facilities. 


4) 


INC. 


Magnesium and Boral sheet and plate. 
1956 W. Fort Street, Detroit 16, Mich., TAshmoo 5-5900 


In Los Angeles: 11655 Vanowen Street, North Hollywood, Stanley 7-9665 
Offices in New York, Washington, Dallas. 
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Catalogs 
an 
Bulletins 


To obtain copies of literature 
described below, circle corre- 
sponding number on reader 
service card 





Data file, 


com- 


(P-1) Investment Castings 
4 pp. Contains charts showing 
sections, finishes, 


parative tolerances, 


tooling time, relative costs of all cast- 


ing processes. Simplification of parts 
is discussed and available metallurgi- 
cal services are outlined. Rode, 


Woburn, Mass 


Inc., 
3 Green St., 


Booklet, 28 
tooling re 


(P-2) Impact Extrusion 
pp. Describes process, 
applications, consider- 
Charts and 


and physical properties 


quired, 


design 


ations tables note me- 


chanical and 


compare various weights and strengths 
of various alloys. Pheoll Mfg. Co., 
East U. S. 12, Michigan City, Ind 


(P-3) Cold Finished Bar Products 
Brochure, 28 pp. Offers tips and tech- 


nical data on carbon steels, free ma- 


chining steel, stress relief annealed 


steels, and alloy and 


Also, 


corrections, 


steels, leaded 


stainless steels information on 


carbon special sections, 
turned ground and polished bars and 
treatment. Republic Steel 


M assillon. Ohio 


furnace 
Corp., 

(P-4) Vacuum Die-casting—Brochure, 
8 pp. Discusses vacuum die-casting of 
aluminum bronze and silicon bronze, 
the 
and applications. 


advantages of process, tolerances 
Table gives physical 
and chemical specifications of alumi 
and silicon bronze alloys 


Aurora, Ill 


num bronze 
Aurora Metal Co., 
(P-5) 
C. 68 pp 


Metal Moldings—Catalog 10 
Information and specifica 
tions On moldings fabricated from 
roll steel, brass 
With photos 
and dimensional drawings 
Serrick Corp., Mun- 


Stainless and cold 


bronze and aluminum. 
diagrams, 
John Lees Div., 


cie, Ind 
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— Spark Solutions to Production Problems 


~ 





OIL LEVEL INDICATOR TUBES 

—Avons low cost, high pro- 

duction fabrication and forn TUBULAR PUSH RODS—A current 
HEATING ELEMENTS — ing of steel tubing with new automotive development replac 
Fusionweld thin-wall tubing spot welding te 
is widely used by manu- Ss 
facturers of electrical ap- 
pliances containing low 
temperature heating ele 
ments such as electric adopted 


hnique in ing solid steel push as with 


ottoching brackets, clips of Fusionweld steel tubing. These 
fittings to Fusionweld thin-wall have swoged ends hardened 
tubing hos been widely steel inserts (spot welded) in tub 
by ost t cor high degre« f con 


irons, cookers, fryers, hot : manufacturer: 


=< 


omed wit! ox 


water heaters, etc 





4 MISCELLANEOUS APPLICATIONS 
GAS SPACE and WATERS —Fusionweld thin-wall tubing is 
HEATER TUBES—Severc! new — vely sea by ? 
developments by Fusionweld octurers ’ 

have cut costs by eliminating ENGINE OL FILTER TUBES drelia 
expensive brass fittings and —For both internal and exter- antenna 
non-ferrous tubing or pipe f 
ther ostats > t ners eplac 


aiso ? 


nal use with brozed fittings light fixt 

dA attached. Fusionweld tubing 

in with low < t inverte cre . 

9 can be beaded,swaged and Fusic 
¢ 


a ’ 
nuts ond one piece steel fittings 
brazed or spot welded to Avon sheared to meet specifications < 
of motor cor, truck and tractor 








steel tubing. 
monvutacturers 


Oll SPACE and WATER CHASSIS FUEL LINE 
HEATER TUBES — Avon furnishes j ns 


teet yeorly 


Fussionweld thin- woll 
steel tubin 
tubing provide man facture: 
facturers of this ond fron 
similo -quipment with pumps 
o , These are ’ ’ 
smart economies by replacing ricated on automatic bend Our latest tubing catalog 
non-ferrous tubing and fittings ing machines to nadie mailed on request. Let us quote 
with special steel fittings com- important economies o eating y thee y sizes—o. 
: , .D. te %. O.D.—piain or terne 
ine th F >I lower assembly costs ‘ 
ane We a aoe coated—or fabricated and formed 


to blueprint specifications. 





weld steel tubing. — 





TUBE DIVISION 


HIGBIE MANUFACTURING CO. 


7 Nee ROCHESTER*> MICHIGAN 
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Catalogs and Bulletins continued 
(P-6) Extruded Shapes—Booklet, 44 
TOGGLE CLAMPS pp. Reviews design and cost advan- 

tages of extruded shapes and cites 16 
case histories. Data on extrusion proc- 


PRODUCTION ess, group drawings of extrudable 


shapes in profile, tables of compara- 





tive properties of copper-base alloys, 
selection data, and information on 
high-conductivity copper bus channels 





and angles are included. One section 
is devoted to quality control. Revere 


Copper and Brass, Inc., 230 Park 


Ave., New York City. 


(P-7) Rings, Bands and Welded As- 
20 


semblies—Catalog, pp. Illustrates 


products produced by the firm. Sec- 

tions are devoted to titanium and 

iluminum rings, carbon steel rings 

Stainless steel and special-alloy rings, 

precision rings and special fabrica- 

tions. Special services and the firm’s 

Destaco Toggle Clamps offer extreme flexibility in fixture 

design, being adaptable to your work-holding problems in every field of mass 

production. Whether you're drilling, reaming, milling, bonding, welding or n flash-welded rings are described 

assembling, you get more production, fewer rejects and lower tooling costs American Welding & Mfg. Co.. 101 
when you specify Destaco fast acting toggle clamps. Dietz Rd. W x O} _ 

Destaco clamps (steel) are precision made, with reamed bearing holes and letz . arren, nl 
hardened pins; series 210, 220, 228 and 240 now have ful! length hardened 
bushings, for years a feature of our heavier models. Series 441-AL, 482-AL, | (P-8) Stainless Steel Fabrication 
484-AL, 486-AL and 491-AL offer the lightness of aluminum. There are three Book. 38¢ ie a a : 
new air-operated DE-STA-CO Clamp-omatics—Models 810-S (Solid Holding 0K, I50 Pp ine chapters discuss 
Bar), 810-U (U-Shape Bar) and 858-S. Eliminating elongated holes and sloppy every common method for fabricating 
action, Destaco gives you precision alignment and smooth, fast, powerful this metal. Has more than 140 photos 
action—from the first part to the last. Fool-proof, positive locking and release 
—no cams—and friction-relieving offsets in handles and links. Cold-drawn 
solid bars, forged portable clamp jaws and handles. Many accessories for special diagrams on application of 
adapting to varying fixtures and production. Pressures up to 4000 pounds. stainless steel. A complete section of 


use of mill-rolled or extruded sections 


) charts and graphs and about 200 


Call our stocking representative listed below for assistance with your about 30 reference tables is included 
tooling problem or ask for 40-page catalog describing over 92 models. Cross-reference index is in back of the 
hard-cover book. Allegheny Ludlum 

ALABAMA 1OWA OREGON Steel Corp., Henry W. Oliver Bldg 


Dixie Type & Supply ¢ Globe Machinery & rman S. Wright & ( > , 
N. 6th Ave., Birmingham Supply Company 7 S.W. Corbett Street Pittsburgh 
Cedar Rapids Davens Portland | . 
ARIZONA Des Moines - Spencer 2 
machin Mia Gd KANSAS PENNSYLVANIA ; 
641 E. Adams Street, Phoenix H-H Tool & Supply Co aul J. Fleming & Ses (P-9) Cold-formed Metal Shapes 
CALIFORNIA South St Francis 7 w aa \venue . . . 
Norman S. Wright & ( os Hand book MS 158, 48 pp I xplains 
Alvarado Street KENTUCKY TENNESSEE 
Los Angeles 2¢ Lewis Industrial Supply Ralph Landrum Die Supplies and illustrates basic pi inciples of roll 
Norman S. Wright & Cé 938 S. Sth St., Louisville i211 Fourth Avenue Soutt 
1015 Folsom Street MASSACHUSETTS Nashville 10 eI die cold-forming ot metal shapes 
San F rancisce F. H. Robertson ( in Lewis Supply Co .. 
Norman S. Wright & Co 420 Broadway Avenue 477 South Main Str Material selection, roller dies, forming 
1102 T. Street, Sacramento : Malden 48 2 Memphis 2 © 
Norman S. Wright & C« > “e ' . 
ry Abby Street eee * MINNESOTA TEXAS mills, tolerances for roll form ng and 
wthern achinery & Supply ( T r 
COLORADO 2001 Washington Ave. Sout ses Eee &, Sam. Ce. typical metal shapes are covered. Van 
Aviation Service Supply 7 Minneapolis Dolan Industrial Sales 
900 Ulster, Denve MISSOURI 6 Lawndale Avenue Huffel Tube Corp., Warren, Ohio 
FLORIDA Ernst : ee Mast ine Houston 2 
orporation 
The Cameron & Barkley ( 701 Locust St., Kansas City WASNT TEN P-1 
Bartow - Mulberry H. oO Gonnben 6 man S. Wright & C« -10 ; -s icati 
Cece eee Mulberry o7 vas monane ae rman S. Wright & C ( ) Aluminum Fabrication 
Miami Orlande Tampa NEW YORK Seattle 9 Ch} > 1 > 
lart Se GG, No - pp. Cover 
GEORGIA Acme-Danneman Co., tr on Pooge. Wright & ( . a» PE UVEeTS 
Pye Barker Supply 45 West (8th St.. New York ~ SvERS pokane 
tas St SW Atlante Reet Neal Ce ompany WISCONSIN 
64 eabody St uffalo | T he | , : 
at vasten annie O ending and forming of aluminum 
ILLINOIS 17 siteer Nag Ba , N. Third St., Milwaukee ‘ z 
Pedersen Bros. Tool & Supply ¢ M. J. Kelly Supply Ce sheet and plate Printed on cardboard 
62 Washington Bivd E. Water St.. Syracuse | —CANADA— 
Chicago & OHIO om stock, regular file-card size. Peter A 
INDIANA F N. Cuthbert, In NTARIO I . _ 
2909 Detroit Ave.. Toledo | Williams & Wilson, Ltd rasse & Co., Inc.., Grand St 
General Supply & Tool Ce Die Supply Division 7! Front St., East Toront . 
O11 N. Pennsylvania Ave 1400 Brookpark Road William & Wilson, Ltd New Y ork 13 
indianapolis 4 Cleveland 14 465 Tecumseh Bivd. E 
Industrial Sales & Service Die Supply Sales Division Windsor 
’ South Michigan Street 1254 Stanley Ave., Dayton 4 


South Bend 14 Jergens Tool Specialty Cx QUEBEC > ‘ St . : . 
Tools & Abrasives, tn 712 East 63rd Street Wilsons @ Wiles. 1.00 (P-11) Metal Stampings Brochure. 8& 


Oxford St Fort W ne ci i ! ry > 
ay eveland 44 inspector St., Montreai pp. Facts about a small-lot stamping 


government specs and information on 


service, illustrated with typical ex- 
DETROIT STAMPING COMPANY amples of manufactured parts. Cost 
data is included. Dayton Rogers Mfg 


320 MIDLAND AVE. + DETROIT 3, MICH. Co., Minneapolis 
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“Quality perfection is our business 
—Standard Steel helps us 


maintain it—and more” 


Alclyde Engraving is in a fascinating business. Chances are the dash- 
board trim, instrument panels, and scuff plates on your car were 
embossed on Alclyde rolls—this firm manufactures the major part of 


all rotary register embossing rolls used by the automotive industry 


The packaging, labeling and plastics industries are also heavy users 
of Standard-forged, Alclyde-engraved rolls. And in all fields 
which design changes are a frequent and vital competitive factor, 
Alclyde must deliver perfection in a hurry 


That’s why we at Standard have geared ourselves to give Alclyde 
the quality perfection and service it requires. In fact, it’s the 
service we can give that all of our customers particularly appreciate 
Won’t you discuss your quality and service requirements with us? 


Write Dept. 4-K 


Standard Steel Works Division /, Lam 
\ ] 


BALDWIN :- LIMA: HAMILTON 


BURNHAM, PENNSYLVANIA Rings * Shafts * Car 


¢ y 


% &) 
eels aT } °F . Dé at Serr SS 
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Catalogs and Bulletins continued 


- . (P-12) Pattern Making—Booklet, 12 

No special experience necessary! pp. Wood and metal-pattern develop- 
oOo | ment is described and profusely illus 
nm — tools needed! trated. Also, methods for developing 


IN© expensive dies required! plastic patterns and molds for short- 
: ' | run use. Motor Patterns Co., 3035 
IN'© machines even for large units! Gist St. Cleveland 27 


when you use (P-13) Tooling Plastics—Bulletin, 4 


pp. Describes use of epoxy resins in 


LIN D S AY various industries. Presents basic op 


erations carried out in the prepara- 
§ T M U C T U > 7 tion of plastic tools. With explanatory 
line drawings. Furane Plastics, Inc., 


components for | 4516 Brazil St., Los Angeles 39 


housings and (P-14) Photo-forming of Metal Parts 
enclosures... | Bulletin 90, 6 pp. Chemical and 


electrolytic etching described and il- 
lustrated. Advantages and character 
stics are discussed. Photo-Forming 
Dept Superior Tube Co., Norris 


town, Penna 


(P-15) Aluminum = and litanium 
Wrought Mill Products—Brochure, |? 


and there is NO DELAY in changing : Zo 


pp. Gives range of shapes, sizes and 


models, sizes or other details that | alloys. Contains illustrations and ta 


bles. Harvey Aluminum, 19200 §S 


normally slow down production. | Western Ave., Torrance, Cali 


(P-16) Steel Tubing—Catalog CS-58 





Readily adaptable, die-drawn Lindsay Structure 
components make it easy to prefabricate en- 8 pp. Describes seamless and resist 
closures for instruments, testing machines, radio nce-welded steel tubing 
and radar equipment . . . and housings for proc- ; ; 

r quik : f nd forging to customer specifications 
essing, large towers, industrial equipment, and : 
shielding (electromagnetic shielding through the s also d 
entire radio frequency spectrum ) ind dimensional data Ohio 


Fabricating 


escribed. Gives material specs 
Seamless 
All shapes and sizes are possible to any desired | 
dimension within 2", using the 80,000 panel 
sizes immediately available. Lindsay Structure has 
given positive proof of its efficiency in hundreds 


ube Div Copperweld Steel Co 
Shelbv. Ohio 


of different applications in many industries (P-17) Shell Mold 
and in all workable metals 


Castings—Bro 


chure 12 pp Yiscuss } ld 
Whether you are planning | or 1,000 units C. t- Pp Discusses shell-mok 


with Lindsay Structure you save the cost of ex process, tolerances, production equip 
pensive dies and “tooling” up. ment and specifications. With cutaway 
You can begin production immediately your 
assembly can be handled by workers without spe SiS 
cial training and you are assured of complet ry Co., 1702 N. Kostner Ave., Chi 
uniformity in your finished units, when you use cago 39 

die-drawn, die-cut Lindsay components of exact 

size requirements. 


drawings and photos. Howard Found 





(P-18) Ductile Iron Castings—Bulletin 
Make use of Lindsay Structure components for your . 
housing, enclosure, building or equipment require- 
ments. Write for information, descriptive folder, or send vith possible applications. Includes 


‘ 
+ pp Properties of ductile iron 


single-line drawing for cost estimate photos of typical parts cast in ductile 


* gineering and Macl oe < pan H ; on and photomicrogr iphs of 


pearlitic ductile iron and a gravy iron 


yz, VINDSAY —_ 
‘4/) STRUCTU 
pay) STRUCTURE 


(P-19) Tube and Bar Stock—Bulletin 
DIVISION 156, 6 pp. Information on standard 
bar and tube stock in Meehanite 
INTERNATIONAL STEEL COMPANY metals, and Type 1 Ni-Resist. Illus- 
1431 Edgar Street * Evansville 7, Indiana | [rales uses. Contains physical proper- 

4s Canadian Affiliate 








t 





les chart. Shenango Furnance Co 








| 
Lindsay-International, Ltd., Port Credit, Ontario Dover Ohio 
‘ 





CIRCLE 277 READER SERVICE CARD Product Engineering — Design Digest Issue 





. economy 


, mol c 


, oppo! tun 


Originators 
and sole makers 
, at METALFLO 


Product 
Engineeri 
ering — Mi 
id-Sept 
ptember, 1958 
CIRCLE 278 R 
EADER SERV 
cece FD 
25 





FABRICATION AND PRODUCTION PROCESSES 


HOW TUBING ENGINEERS 
CAN HELP YOU PLAN 
FOR VOLUME 
PRODUCTION SAVINGS! 


ST TUBING TIPS: 


GM Steel Tubing Engineers 
offer cost-saving fabrication 
advice at the design stage! 


Leading designers of refrigeration equipment have 
found that GM Steel Tubing Engineers can offer them 


many cost-saving tips in the planning stage. 


Industry standards are sometimes sufficient when 
designing a simple tubing application. But a review 
by the tubing engineer can often suggest changes which 


will effect greater economies in volume production. 


for example, it is usually more economical to incor- 
porate tubing of minimum thickness and diameter 
However. the tubing engineer, with his knowledge of 
tubing manufacture, can tell you when a greater wall 


thickness or diameter will achieve greater economies. 


And the tubing engineer's knowledge of refrigeration Hydraulic forming fixtures like these at Rochester Products con be adapted to 
applications can help you make further savings. handle your requirements at minimum tooling costs. GM Steel Tubing Engineers offer 
sased on long experience, he can recommend the best you an unequaled choice of fast, cost-cutting forming equipment such as exclusive 


, " t 3 \ t P + th i t t 
and most economical means of satisfving stipulated serpentine benders” developed by Rochester Products, and other equipment to 


. provide any type of end sizing such as beading, flattening, piercing or upsetting. 
specifications on existing high-production manufac- 
turing equipment. His knowledge of industry develop- 
ments can help you make savings in tubular refrig- 


eration components and retain maximum efficiency. 
The design of formed steel tubing connecting lines 
is another area where the tubing engineer can be of 
great help to the designer. Again, standards and rules 
may prove inadequate if you are to be absolutely 
sure of the most economical part to do the job. The 
tubing engineer can tell you how to get the greatest 
number of bends for the least cost, how tubing will 
react when formed by various methods to give you 


the most efficient design. 


When designing any product requiring tubing, con- 
sult your GM Steel Tubing Sales Engineer in the 
planning stage. Or, for general information, write 


direct to: Tubing Sales Manager. Rochester Products GM Steel Tubing gives you the design flexibility of lengths up to 2000 feet 
Division of General Motors. Rochester, New York. Eliminate costly joints and elbows, effect additional savings by cutting end waste. 


OCHESTER 
am 
RODUCTS 


GM STEEL TUBING by & 


«<>-= 
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_Linpe’s Modern Methods 
for Joining Metals 








——— WELDING WIRE 
ARGON 


_ COOLING 
WATER 


WELDING WIRE ————> 
WELDING 
COMPOSITION 























Sigma Welding — A superfast, shielded 
inert gas metal are method for production 
electric welding of aluminum, stainless 
steel and other metals. LINDE supplies 
equipment, consumable electrodes, and 
inert gases for Sigma welding. 


UNIONMELT Welding is a submerged 
arc process for high-quality electric weld- 
ing at high speed of any thickness of com- 
mercially-used steel, without flash, glare, 
or sparks. UNIONMELT Welding equip- 
ment and supplies are available from 
LINDE. 





TUNGSTEN ELECTRODE 
-WELDING WIRE | 








COOLING 
} POWER 


FLUX ADHERES 
TO THE WIRE 











HELIARC Welding makes clean, smooth 
welds electrically without flux, in practi- 
cally all commercial metals at high speed. 
Heviarc Cutting Apparatus is fast, flexi- 
ble, and versatile. LINDE supplies equip- 
ment and inert shielding gas for both 
types of apparatus. 











UNIONARC Welding is LinpE’s newest 
development in manual electric welding, 
using a magnetic flux with gas-shielded 

re. UNIONARC Welding is extremely fast 
and economical; can be handled in all 


ARGON GAS...RODS... WIRE 


LINDE Argon— guaranteed 99.995% pure 
—and all welding rods, wire, and other 
materials you need can be obtained from 
LINDE sources conveniently located all 


positions—vertical, overhead, downhand. over the nation. 
Complete information about any LINDE method or 

product can be obtained from your nearest LINDE 

office. LINDE CoMPANY, Division of Union Carbide 

Corporation, 30 East 42nd Street, New York 17, N. Y. 

Offices in other principal cities. In Canada: Linde 

Company, Division of Union Carbide Canada Limited. 


Ee} ite}. 


TRADE MARK 


The terms “‘Linde,”’ ““Unionmelt,” “‘Heliare,”” “Unienarc™ and “Union Carbide” 
are registered trade-marks of Union Carbide Corporation 


Product Engineering — Mid-September, 1958 CIRCLE 280 READER SERVICE CARD 


CARBIDE 


D27 





| 1D | FABRICATION AND PRODUCTION PROCESSES 


DEVELOPING 


A NEW PRODUCT? 


¥ 











- 
' 


Pst 


Pune cash t- Boe WHY ALUMINUM DIE CASTINGS? 


Pressure controller cases, which must carry pressure in certain 
pinay me oy hy io areas and be dust tight overall can be made in two or more 
RUN PRODUCTION rut DELIVER component parts—each part is an integral piece. 

PRODUCTS WHILE TOOLING UP FOR 
VOLUME 


HYDROFORMING — 12” AND 19” Be) gan (Pal D5 ; 
SPINNINGS TO 14’ SS Soo r mercinae 
FABRICATIONS IN ALL METALS | —==~U” DIE CASTING COMPANY 4% 
FOR ALL PRODUCT NEEDS EDA AG 2228 NO.ELSTON AVE. CHICAGO I41LL MOMs 
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iad §=—§ STAMPINGS 


Produced economically in our modern plant 











for: 





AUTOMOTIVE, INDUSTRIAL EQUIPMENT, 
MRIS AEE DOMESTIC APPLIANCE, AGRICULTURAL 


SPOT, ARC & GAS WELDS, DRILLING, | INDUSTRIES AND OTHERS; will boost your 
STAMPING, PIERCING, SHAPING, MACHIN. 


ING, FABRICATING, ASSEMBLING, FINISHING, output at material savings. 
PACKAGING 


Guided missiles, turbo jets, commercial planes, Our production, engineering and toolroom 
industrial products and many unpublished devel- ehene { 
opments, use the creative fabrication experience facilities are geared to the volume usage © 
of this shop of thousands of shapes — Modern . 
high speed facilities, unexcelied workmanship your industry. 
and consistent research with new materials and 
new toolings keep this shop available to de- Send . +s 
signer, engineer and purchasing agent working eng us your inquiries 
with advanced concepts — For special or un- 
usual parts, Roland Teiner has the engineering 
and production staff to keep your costs com- 

petitive and deliveries dependable — Call or LANSING STAMPING COMPANY 
write for a representative or send drawings or 
samples for quotation. 1167 So, Pennsylvania Ave. 





Lansing 4, Michigan 


ROLAND TEINER COMPANY, Inc., Dept. | Serving Industry Since 1914 


134 Tremont St., Everett 49, Mass., Tel. EV 7-7800 
ENGINEERING REPRESENTATIVES IN MANY CITIES 
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Sandusky Centrifugal Castings 
for unlimited cylindrical applications 


Do the products pictured here spur your imagination? These are 
typical of the cylindrical products we are casting centrifugally 
and machining to precise requirements for many prominent 
manufacturers and military branches. Write for: Sandusky 
Centrifugal Castings Bulletin 200. Contains application 
data and specifications On more than 7O ferrous and non- 
ferrous alloys in a range of properties that is a designer’s dream. 


SANDUSKY © CENTRIFUGAL CASTINGS 


FOUNDRY & MACHINE CO. 


SANDUSKY, OHIO 


SANDUSKY QUALITY 
CENTRIFUGAL CASTINGS 
TYPES:R s,Sleeves, Rings 
Bearings, Bushings 

Bands, Drums, Cy! 
Tubes, Shelis, Ret 
Pressure Vessels, Pr« 
Piping. 

SIZES: From 7" to 54” O.D. 
-lengths up to 33 feet 
MATERIALS: Stainiess, Car- 
bon and Low Alloy Steels; 
full range of Copper-Base 
and Nickel-Base Alloys 
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DIE-CASTINGS-— 


LARGE or 
SMALL- 


100,000 molded-rubber parts like 
these daily ! 


DOLLIN Specialized equipment gets the most out of each! 


teres Cestings.Atrinse co’ BOLLIM has the most modern, hig 
type high-pressure machines. die-casting machines of every type and 
Large zinc castings made on ‘arge size, to produce parts from the largest 
plunger type machines commercial sizes down to fraction 
inch. This specially-designed equip 
with Dollin 

foundry and machining facilities, 
you the ideal source for high-volume, 
high-quality die-castings, at the 
cost. 


1-speed 


w an 


Small Zinc Castings, 1000 per 
Ib. to 3 per ib., made on fully- 
automatic, high-speed machines 
More design latitude — high 
eccuracy — lower tool and 
piece costs. 


Tolerances of +0.005” in large 
volume production ! 


UWE 


lowest 


@ Get the most out of your die-casting 
designs by consulting Dollin engineers. 
Submit prints or samples for engineer- 
ing advice or quotation. 


DOLLIN 
DOLLIN CORPORATION 


Zinc and Aluminum 
DIE-CASTINGS [i Wbdinaatemn 
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When SINKO molds 


parts for you, such as 
this Cutler-Hammer 
Switch Cam, 
savings in 
cases 





your 
many 


COVER 
COST OF 


Precision-molded parts in volume 
without premium price! 





NOW! 


Functional parts molded from rubber or synthetic 
rubber—up to 144” in diameter and |” in thickness 
requiring close control, can now be produced in 








*Cam is molded 


large volume at significant savings in cost, thanks to 
the first fully-automated molding process now in use 
at Ohio Rubber 

Precision parts such as shock absorber seals, engine 
valve stem deflectors, electric condenser caps and 
aerosol container valves, all formerly produced on 
a costly small-volume basis because of the high 
degree of dimensional accuracy and compound con- 
trol involved, can now be produced with equal or 
greater accuracy and control in large volume—and at 
substantially lower cost. 
FOR MORE INFORMATION 


engineers on your i 


ORCO 


rubber-like small 


, 
check with 
very next rubbder or 


Comple le 


cations and requirements 


component part requirement details of your 
fi part drawing and sample 
application of part, annual usage—will enable them to 


give you the quick, cost-saving story 


Opto 


Twe Ounio Ruseser ComrPany 


Wiitoucwey, Ounio 
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of long-wearing MOLD 
Dupont ZYTEL 

And on reruns the unit cost of your molded parts 
is certainly brought down to a minimum. 


ls it any wonder then why leading manufacturers 
throughout the country look to us for many of their 
precision molded parts. And if we can satisfactorily 
supply their needs, there's no reason why we can't 
do the same for you. 


Write us TODAY for Brochure describing our full 
list of services! 


WE MOLD ALL THERMOPLASTICS — 2 TO 175 OZ. 


MANUFACTURING and TOOL CO. 


7310 W. WILSON AVE + CHICAGO 31 


Offices in principal cities throughout the United States 
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Gear Failures Related to Lubricants 
by Eugene E. Shipley 


Limited End Float Couplings for Motor Applications 
by E. B. Mills and J. E. Petermann 


Calculation of Sheave Diameters for 
V-drives Knowing Center Distance 


Design of Belt and Wire Rope Drives 
by G. H. Ryder 


Plastic-core Leather Belting 


Operating Principles of Fluid Couplings 
by Oliver K. Kelley 


Applications of Sprag-type Clutches 
by W.T. Cherry 


GENERAL 


ENGINEERING . 


METALS 
AND ALLOYS 


NONMETALLIC MATERIALS 
AND FINISHES 


FABRICATION AND 
PRODUCTION PROCESSES 


POWER 
TRANSMISSION 


MECHANICAL PARTS 
AND DESIGN ANALYSIS 


FASTENING 
AND JOINING 


MOTOR, ENGINES 
AND CONTROLS 


ELECTRICAL AND 
ELECTRONIC COMPONENTS 


HYDRAULIC AND 
PNEUMATIC EQUIPMENT 





POWER TRANSMISSION 











Fig. 1—Areas of gear failures. A simultaneous increase in Fig. 2—Pinion failures caused by surface pitting. A change In 


speed and load aggravates scorirg. 


higher and to the right by using better grades of oil or by 


use of extreme-pressure additives in the same oil. the load-carrying 


Lubrication Engineering 


Gear failures 


related to lubricants 


EUGENE E. SHIPLEY Gear Engineering, General Electric Co. 


H IGH-CAPACITY gearing is the trend 
More load, 


less weight, and higher speeds have 


in most product design 


been stressed to such an extent that 
many gear designs are completely de- 
pendent on the lubricant available 
In effect, the lubricant has become a 
constructional gear material. Gears 
fail in service, generally, from pitting 
and breakage of the gear teeth, long 
range wear and scoring 

Gears can be designed and manu- 
prevent 
by pitting and tooth breakage. In- 


factured to failure caused 


formation about wear and _ scoring 
prevention is limited, however, and 
the problem to higher load carrying 
capacity is an inadequate understand- 


ing of the lubricating phenomena 


GEAR FAILURES— 
GENERAL 


Gear wear and gear scoring always 
have been a problem. The aircraft in- 
dustry, in designing these 
limitations met the more urgent prob- 
lem—tooth breakage and pitting 

A tremendous amount of testing 


around 


partially solved the pitting and break- 
age problem. However, 


scoring continued to be a problem. 


wear and 


Wear was evident at low speed op- 
eration, and both scoring and wear 
were present at high speeds. When 
the teeth were loaded high enough 


E2 


for tooth breakage, gear teeth scoring 
damage was particularly evident 

A plot of 
torque capacity of a gear set is shown 
in Fig. 1. The various areas indicate 
the regions where gear failures are 
more apt to occur. 


pitch line velocity vs 


The curves in Fig. 2 are gear test 


results where the load-carrying capac 
ity with respect to tooth pitting was 
doubled by the use of a higher vis- 
cosity lubricant. 

Initially, the gear would carry ap- 
proximately 250 K-Factor as shown by 
the bottom curve. When the gear lu- 
bricant was changed, the load-carry- 
ing Capacity was increased to 500 K- 
Factor, as shown by the middle curve 

Pitting is a surface fatigue phenom- 
enon, and as such, should not be af- 
fected by the lubricant used. How- 
ever, the lubricant does indirectly 
affect the surface stresses, since a 
poor lubricant will allow a gear to 
wear and score. This breaks down 
the involute profile. The gears then 
run rough, and dynamic load effects 
cause the gears to pit prematurely 
The improved results of Fig. 2 bear 
out this conclusion. The new lubri- 
cant prevented wear and _ scoring, 
thus allowing the pitting to take place 
in a normal manner. End result: the 
same type of test gears carried ap- 
proximately twice the previous load 


Area 3 can be moved gear lubricant increases the load-carrying capacity of the gear. 
Improved manufacture with the changed gear lubricant doubles 
capacity over the lubricant change only. 


The top curve in Fig. 2 shows a 
gain in load-carrying capacity of geo- 
metrically similar test gears by im- 
provements in manufacture and heat 
treatments, when run with the im- 
proved type of lubricant. Thus, by a 
combination of improved lubricant 
and improved manufacturing tech- 
niques, the load-carrying capacity was 
increased from 250 K-Factor to 
1,000 K-Factor. 

If, however, the load is increased 
high enough, even the new lubricant 
will break down. This forms a new 
ceiling above which satisfactory op- 
eration is not possible until a new 
“fix” has been found, at which time 
a new cycle has been started. Again, 
one of the logical places to look fo 
improvements would be in a new or 
improved lubricant. 


SCORING 


Assuming that tooth breakage and 
pitting are of a fatigue nature and, as 
such, are not directly related to the lu- 
bricant involved, efforts can now be 
directed to failures related to lubrica- 
tion, namely, wear and scoring. 

It is known from experience that, 
if a gear box is operating satisfac- 
torily under a given set of conditions, 
a certain heat level is attained on the 
tooth surface. Since the gears are op- 
erating satisfactorily, this heat level is 
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Fig. 3—Scoring test 17 to 19 ratio gears using PVT method. 
Many of the failures are above the proposed design limit. 


safe. There is a higher heat level that 
will break down the oil film resulting 
in metal-to-metal contact and ulti- 
mate gear failure can be produced by 
putting more heat into the system 
This can be accomplished by increas- 
ing the inlet oil temperature, increas- 
ing the speed of operation, and in- 
creasing the load on the gear set 

Scoring has been defined as a com- 
bination of two distinct activities 
(1) failure of the oil film in the con- 
tact area; and (2), metal-to-metal 
contact producing a welding and tear 
ing action resulting from this metallic 
contact which removes metal rapidly 
and continuously as long as the loads, 
speeds and oil temperature remain 
at the same level 

Scoring at best is 
plicated phenomenon and the factors 
which affect the final scoring resist- 
ance of a gear set are as follows 
tooth surface pressure, properties of 
the material, surface finish, 
treatment, 
perature of the oil bath, viscosity of 
the oil, and the oil composition 

A method of determining the scor- 
ing resistance of a set of gears with a 
given oil is necessary. However, there 
is no generally accepted procedure to 
follow. Two methods which are used 
are the PVT formula and the Tem- 
perature Flash equation. 

PVT formula is used to advantage 
in certain phases of the gear field, 
particularly where information or past 
experience on which to base a decision 
as to the ability of the oil or gears to 
withstand scoring is available. 

Frequently, 1,500,000 is used as a 
calculated PVT Fig. 3 


rather a com- 


surface 


surface velocities, tem 


design limit 
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values calculated 
from various scoring tests. A larger 


shows some PVT 


percentage of the scoring failures oc- 
curred at calculated PVT values in 
excess of the 1,500,000 limit. Some 
data obtained from a British paper 
is plotted in Fig. 4. These tests failed 
at much higher PVT values than the 
limit allows 

The “Temperature Flash” method 
of calculating a scoring limit takes 
into consideration most of the vari- 
ables that affect the scoring resistance 
of a gear unit. Although the equation 
is empirical, it seems to predict scor- 
ing failures with a 
of repeatibility 

The equation is as 


where T, 


remarkable degree 


follows 


0.00317 W, 


surface temperature in 
area of contact between 
the gear teeth, F (Tem- 
perature Flash) 

blank temperature of 
the gear, which, in most 
cases, is equal to the 
bulk of oil temperature 
F 

normal load per inch of 
contacting face width, 
Ib/in 

surface velocity at point 
on profile of tooth be- 
ing examined, fps 
width of band of con 
tact, in 

surface finish after in- 
itial run, micro-in. rms 
a product of the therm- 
al constant of the gear 


0.00317 


1958 
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C4 
an 
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Fig. 4—Scoring test 15 to 16 ratio gears using PVT method. 
Failures are well above the proposed design limits. 


material and the in- 

stantaneous coefficient 
of friction 

Eq. (1) can be written for application 


to gear teeth, as follows 


transverse pressure an 
gle deg 

effective face width, in 
a thermal constant of 
the gear material (0.05 
28 for steel) 
instantaneous coefficient 
of friction in the zone 
of contact assumed to 
be 0.06) 


mn 


for steel where 

r radius of curvature 

pinion, in 
radius of curvature 
gear, in 
Theoretically. the quantity T, at 
failure is a constant for any given oil 
\ plot of 7 


iny number of gear scoring failures 


vs pitch line velocity for 
should yield a straight line 

The results of several scoring tests 
using the temperature flash method 
are shown in Fig. 5. For any given 
oil, such as oil A, the calculated fail 
T, falls 


within a 


E3 


ure temperature 
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Fig. 5—Scoring test using the Temperature Flash Method. 
The results fall into a narrow band indicating repetitive results. 


rather narrow band, indicating that 
the theory behind Eq. (2) seems to 
stand up under test analysis 

The curves, Fig. 6, are the same 
information shown in Fig. 3, only 
calculated using the Temperature 
Flash method. A straight line for each 
oil seems to fit this data exceptionally 
well. In addition to this, it is only rea- 
sonable that the various SAE grades 
of oil should show up as indicated by 
Fig. 6; SAE 70 will have more scor- 
ing resistance than SAE 10 

The Temperature Flash method is 
not the final answer on scoring, but 
it is a useful tool and about the only 
real check that can be given an oil 
for practical design purposes. Eq. (2) 
has some limitations since it was de- 
veloped for spur gears of the case 
carburized variety and for surface 
finishes below 55 rms. As yet, no 
formula has been proposed for helical 
or bevel gears, although recent tests 
show that helical gears of equivalent 
hardness react in a similar manner 
to spur gears. There are also indica- 
tions that various materials and heat 
treatments may influence the scoring 
resistance of a given gear design to a 
limited extent. Some oils also react 
differently at various temperatures 
and may influence the results as pre- 
dicted by the equation 

To be assured that an accurate 
reading on the Temperature Flash has 
been obtained for a given lubricant, 
several scoring tests may be made 
The first scoring test should be made 
under conditions similar to tests made 
m previous oils to assure a good 
common ground for comparisons. The 
second test should be run under tem- 
perature conditions similar in nature 
to the service conditions of the oil 
\ third test should be run varying 
speed, load and temperature as much 


is possible from the conditions of 


E4 


tests 1 and 2, as a check on the 
formula for scoring. The three tests 
as outlined should all calculate a Tem 
perature Flash (7,) constant which 
when plotted vs pitch line velocity 
should fall on a straight line 


WEAR 


Wear is a very important phenom 
enon, particularly in high speed gear 
ing that must be in operation for an 
unlimited length of time. Wear has 
been defined as that kind of tooth 
damage whereby layers of metal have 
been more or less uniformly removed 
from the surface. The three most 
common causes of gear tooth weal 
are, metal-to-metal contact due to 
an inadequate oil film, abrasive par- 
ticles in the oil supply, and chemical 
wear due to the composition of the oil 
and its additives 

Wear, unlike scoring, is generally 
very hard to detect. It may be present 
from the very start of operation, but 
the rate of wear may be so slow that 
many millions of cycles of operation 
are required before any measurable 
amount is worn from the tooth sur 
faces and becomes visible 

The radioactive technique has been 
adapted for testing gears since it held 
promise as a method of studying the 
wear phenomenon. The theory in- 
dicates that wear rates can be estab 
lished for various oils. Very minute 
quantities of wear can be readily de- 
tected in a short length of time, and 
several oils can be tested with the 
Additional in- 
formation can be determined by tak 
ing radiographs of metal transfer on 
the non-active gear teeth and the 
exact scoring conditions of the test 
gears can be pinpointed by careful 


same Set of test gears 


observation of the chage in wear 
rates. Fig shows a radioactive gear 


test apparatus and oil flow past gear 


Fig. 6—Scoring test results 17 to 19 gears using Temperature 
Flash method. Information same as shown in Fig. 3. 


When the active pinions commence 
to wear, the lubricating oil transports 
the removed iron particles past the 
geiger tube, where they are detected 
It is a rather simple laboratory tech 
nique to convert the counting rates 
as recorded from the geiger tube to 
milligrams of wear per unit of time 

A plot of the wear in milligrams of 
continuous operation of a set of test 
gears is shown in Fig. 8. The object of 
this test was to determine under what 
conditions the pinion would begin to 
wear. The load was kept constant at 
1400 K-Factor, while the speed and 
inlet oil temperature were varied to 
produce sOme sort of wear. For the 
first 90 minutes, the temperature was 
kept constant at 150 F while the 
speed was increased in intervals 
S00 rpm. At 3,000 rpm, some par 
ticles were being removed from the 
pinion 
back to 


the wear rate to level out This re 


The rpm speed was dropped 
1,000 rpm, thus causing 


moval of metal was undoubtedly 
caused by some initial scoring. After 
100 minutes of operation, the tem- 
perature was increased to 180 I 
while the speed was kept constant at 
1,000 rpm. Again, the rate of metal 
removal started to climb. When the 
speed was increased to 1,500 rpm, the 
rate took another definite upswing 
To hasten the process, the speed was 
increased to 2,000 rpm, at which time 
the rate of wear was so great that 
the pinion immediately failed from 
destructive scoring 

Another radioactive test is shown 
in Fig. 9. During this test, the load 
was kept constant, as well as the tem- 
perature. In Step 1, the speed was 
varied from 0 to 1,500 rpm, and back 
to 0 again in approximately two min- 
ute intervals. The slope of the curve 
in Step 1 indicates that the cyclic 


operation was definitely causing wear 
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Fig. 7—Radioactive gear test apparatus. Lubricant is circulated 
through the gear box, past a geiger tube and back to the sump. 


In Step 2, the slope indicates that there 


was little, if any, wear. These two 
curves in Fig. 9 seem to indicate that 
starting and stopping are wear pro 
moters. If the machinery can be 
started under light loads, thus allow- 
ing an oil film to be developed before 
a heavy load is applied, then this 
initial wear can be reduced 

The plot in Figure 10 is the re 
sult of a similar set of test gears, but 
run with a different type of gear oil 
From a scoring point of view, this 
new oil had about the same ability 
to withstand scoring as some of the 
other oils, that is, they calculated ap- 
proximately same Temperature Flash 
constant. This oil had different wear 
characteristics as indicated by the 
curve. Initially, the pinion started to 


wear at a very high rate, then the 


rate of wear dropped off and the test 


settled down to a rather see-saw 
erratic wear pattern for the remainder 
of the test. Undoubtedly, the peaks 
and valleys are caused by small and 
large particles moving by the counter 
at different intervals. It is quite de 
finite, however, that this oil had in 
ferior weal characteristics and, 
although it checked out from a scor 
ing point of view, it would be unsuit 
able for high speed equipment where 
long life is a requirement. 

Many anti-scoring additives are ac 
tually wear promoters. In some ap 
plications, an additive of this nature 
may be quite harmful, as in a high 
speed jet engine. In other applica 
tions, they may be completely ac 


ceptable; for example, a rocket or 


torpedo mechanism 











Fig. 9—Radioactive test constant load—cyclic operation 120 F. 











Fig. 8—Radioactive gear test run at constant load and 300 F. 
Oil temperature and rpm were varied to accelerate the test 


CONCLUSIONS 


Since scoring and long range wea 
re the two main types of gear fail 
ures commonly associated with the lu 
bricant, then they are the problems 
to be solved by the industry. The Tem 


bac ked ul 


with gear test results, is a guide and 


perature Flash equation 


a method for studying the scoring 


; 


problem. The radioactive technique of 
gear testing offers a workable proce 


} 


dure to study the wear phenomenon 


REFERENCI 
Desig 





(Fig. 10 (Right)}—Radioactive gear test at constant load and 
300 F. Erratic wear pattern makes oil unsuitable for long life 
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From: Allis-Chalmers Electrical Review 


Limited end 
float couplings 


for 
motor applications 


E.B. MILLS Engineer-in-Charge Induction Machines 
J.E. PETERMANN Motor and Generator Dept 


Allis-Chalmers Manufacturing Company 


S UCCESSFUL application of electric 
motors is often dependent upon the 
selection of the flexible coupling to 
transmit torque from the driving to 
the driven unit. Various types of coup- 
lings are available, however, certain 
precautions must be taken to avoid 
bearing damage. Motor bearing dam- 
age can result from axial forces trans- 
mitted by the coupling back from 
the driven machine. A thrust bearing 
in the driven machine and a limited 
end float coupling can prevent the 
transmission of axial thrust. 
Unrestricted free-floating types of 
couplings—pin and bushing, spring 
grid type, gear type—can cause thrust 
problems. By adding a restraint to 
these couplings, they can be con- 
verted to the limited end float type, 
Fig. 1. Self-positioning types—metal 
disk coupling—do not create a thrust 
problem and do not require a me- 
chanical stop. Limited end float coup- 
lings are units in which the total 
relative axial movement of the hubs 
is limited within the coupling to not 
more than one-half of the motor float. 
In horizontal applications—hydrau- 


E6 


lic pumps, fans and compressors— 
driven machines as well as the drive 
motors have provisions to position 
their own rotating element. A thrust 
bearing restrains the thrust forces. 
End play of the driven machine is 
usually limited to a few thousandths 
of an inch, because of the close in- 
ternal clearances that must be main- 
tained between the components 

Motor bearings, however, are de- 
signed to permit a relatively large end 
play, or float, as the motor design does 
not require close axial clearances. 
One-half inch float is standard on 
larger machines. Also, a motor de 
velops a self-centering force which 
causes the rotor to run on magnetic 
center, and the force acts to restore 
the rotor if it is externally displaced 
from the magnetic center. Motors are 
assembled so the magnetic center is 
within the limits of motor bearing 
float; the rotor of an uncoupled ma- 
chine at rest may be anywhere within 
the allowable float limits 

Since the motor rotor is positioned 
or centered by magnetic forces dur- 
ing normal operation, there is no 


necessity for bearings designed to 
carry continuous thrust. There are 
several reasons, however, for having 
mechanical limitations on rotor float. 
First, it is necessary to prevent ex- 
cessive axial travel of the rotor when 
the motor is de-energized and coast- 
ing to rest; and second, depending on 
the initial rotor position relative to 
the magnetic center, forces may exist 
during starting which will cause rotor 
overshoot of the magnetic center. 


LIMITED MOTOR BEARING THRUST 
CAPACITY 

[o limit rotor travel under either 
of the conditions, shaft shoulders are 
provided, and bearing bushings are 
babbitted over the shoulder contact 
area. It is essential that bearing oil 
leakage into the motor be kept to a 
minimum, hence the babbitted end 
surfaces are not provided with posi- 
tive lubrication and can not with- 
stand continuous thrust loads 

A typical standard motor bearing 
construction is shown in Fig. 2 
Nearly all of the oil discharged from 
the bearing is collected in the annu- 
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lar groove. This prevents oil from 
being sprayed and atomized by the 
shaft shoulder and is an effective oil 
seal. The small amounts of oil that 
escape to the ends of the bushing 
wets the surface and gives sufficient 
lubrication for momentary thrust on 
Start-up or for rotor positioning while 
coasting to a stop 


CAUSES OF 
BEARING DAMAGE 


Chere are several possible ways that 
damaging external thrust may be im- 
posed on motor bearings through un- 
limited end float couplings. One of 
the most common is through mis- 
alignment of the coupling. This causes 
the coupling hubs to pull together, or 
to separate, thus imposing thrust on 
both the motor and driven equipment 
bearings. 

Another cause is coupling locking 
When the motor rotor is coasting to 
rest, it is free to float within the 
limits of bearing end play, since there 
is no coupling torque. The rotor may 
stop with the shaft shoulder in con 
tact with the bearing shoulder, and 
upon starting, the rotor will be held 
in position by friction resulting from 
torque at the coupling 

This locking of the coupling is 
more effective at starting because of 
the increased starting current which 
increases the torque into the coup- 
ling. With worn or improperly lubri 
cated couplings the locking tendency 
becomes greater. This condition can 
cause the rotor to remain out of the 
magnetic center. Magnetic restoring 
forces tending to center the rotor are 
small in comparison to the frictional 
resistance of the coupling to slipping 
axially. With the coupling locked, 
thrust conditions can be further com- 
plicated by thermal expansion of the 
shafts, especially if the thrust bearing 
of the driven unit is located at the 
end opposite to the coupling 

Thus, the difficulty with unlimited 
end float couplings is that they may 
permit conditions wherein two thrust 
bearings are loaded in opposition 
The magnitude of the thrust load on 
the motor bearings and the driven 
machine is equal to the force re 
quired to slip the coupling. The 
driven machine thrust bearing must 
then carry the coupling-imposed thrust 
in addition to its own thrust load 

With a limited end float coupling, 
the driven unit thrust bearing is sub 
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Ny 
‘ ALE + 
AVE 
wnt! ears, 
Fig. 1—Small button on the end of one shaft serves to limit the float in one direction, 
while coupling separation is limited by lips on the coupling cover. Arrangement ts for 
typical gear type coupling. 





Fig. 2—Thrust faces on the shaft at each end of the journal serve in conjunction with 
the babbitted ends of the bearing to limit motor float. They are not intended to with- 
stand a continuous axial thrust load. 


jected to no additional thrust unless TYPES OF COUPLINGS 


the rotor is being held off magnetic mited end float units 
center. Even then the force is small y several manufacturers 
less than required to slip the cou- veans of limiting the fl 
Therefore, the driven unit 


plings on the type of coupling 


thrust bearing is subject to less load Pin and bushing. [hese n 
Hence, the driven and driving equip ted through the use 

ment benefit from limited end float pins located at diamet 
coupling. Table I (page E-8) show rec positions. A spacer wa 
ommendations on the use of limited on each of these two 
end float couplings for hydraulic pins to limit 


pumps, fans, centrifugal compress« 


| t cou; 
s Spring grid. [he end 


and other types of drives spring grid-type cou 
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ited with spacer plates or buttons lo- Once the motor is positioned to REFERENCE: 

cated between shaft ends in conjunc obtain the proper axial setting, an Solve Axial Thrust Problems with 
tion with half oval soft steel or cop- accurate shaft alignment must be es Limited End Float Couplings” by E. B 
per inserts or “rung spacers” placed tablished. Alignment should be made Mills, Engineer-in-Charge, Inductior 


7 2etermann, Motor and 
in the loops of the springs. These so the shafts of the driving and Motors, and J. E. Petermant lotor anc 
: Generator Department, Allis-Chalmers 
rung-spacers are located symmetric driven units are in line at normal op ; 
1 < bal t t t Manufacturing Company, Milwaukee 
y ) é é vali > re » temperatures. : 
i to maintain uance erating tempe re Wisenesia. Published in {Ilis-Chal 


mers Electrical Review I Quarter, 


limited through the use of spacer but- temperature differential that exists 1957, pp. 2 


Gear. Couplings of this type may be Compensation must be made for any 


, 


3 6 


tons or plates. Hollow spacer-type 


couplings require plates at each end 








of the spacer. Thrust tending to sepa- 
rate the two halves of the coupling Table I 


is restrained by lips located at the Taken from NEMA Standards MG1-6.11, Jan. 1957 
nds of the coupling cover 





Where motors ar¢ bearings, the motor bearings 
Although the above methods are a ee ee eile: 


and limited end 


applied as indicat 
preferred for limitation of end float >a 
in free-floating types of couplings Motor 
spacer plates or buttons may be Synchronous Speed Rotor End 
omitted. End float can be limited by ee Saas rcs a 
overpressing one or both coupling 125 to 200, incl 3600 and 3000 

hubs to locate them farther back on 250 to 450, incl. 1800 and below 

the shaft, thus allowing shaft ends to 250 to 450, incl 3600 and 3000 


protrude slightly through the cou- 500 and higher All sp. 





pling hubs. With this arrangement 
care must be exercised to get the "Couplings with clastic 
these precautions 


hubs back in the same location should 


they be removed for any reason 





Overpressing is readily adaptable to 
existing installations where the lim- 
ited end float feature is to be incor 
porated. No new or additional parts 
are needed, as it is accomplished by 
simply overpressing the coupling hub 
and repositioning the motor towards 


the driven machine 


MOTOR ALIGNMENT 





[he alignment of a motor when 
using a limited end float coupling is 
simple and straightforward. It re 
quires no more time, effort, or de 
gree of accuracy than is needed to 
properly align machines using other 
coupling types. Fig. 3 and Table II ; : 
show the method of making proper nemenmeemes 
setting of the motor in relation to Fig. 3—Shaft alignment of motors with limited end float couplings requires the 
the driven shaft. Coupling is shown same care as with machines without this feature. Table Il shows correct rela- 
in the closed position. Normal cou tionship of motor bearing and coupling clearances for correct axial positioning. 
pling operation may be fully closed, 
fully open or in between Fable Il 

While the dimensions in Table Il Coupling and Bearing Settings 
are for nominal values of motor end (Dimensions in Inches) 
play, there is a tolerance on _ this 





Nominal! Motor Limited Coupling 
value. Any end play variation from End Play End Float 
nominal should be divided equally be- 
tween dimensions A and B. When 
aligning machines having self-posi 
tioning type couplings, the motor 
must be located relative to the driven 
unit so that the motor is in the cen- 
ter of its end float. Referring to Fig 
4. B will be equal to ¢ 














E- Product Engineering — Design Digest Issue 





center 


v-drives 
knowing 
distance 


POWER TRANSMISSION 


diameters for 


4+ ATH tr ry rt tyr: 


| 
|< 
’ 


f Ne ee eee eee eee eee eee ee ee ee aaa ee oa nn nn en ene na RARAMee RADA RARROREOROEREneAneseeneenenanenesnennannnsseeseneneneean| 


® 
> 
© 
® 
e 
Vv) 
ae 
O 
- 
O 
— 
a 
S 
a 
© 
U 


+ Ar eee HHH et 


Factors to Find Sheave Diameter 





| 
eee ee eee ee eee eee ee ee ee ne nn ee ee eee ee ann RARE RRARABRAG BERR GRAS ORRRRRRASREBEDE! 
| 
| 
( ] 


L 


Product Engineering — Mid-September, 1958 


| 
| 
i 
= 








POWER TRANSMISSION 











. 1—Coefficient of performance against arc of contact and coefficient of friction. 


m: Mechanical World 


Design of belt and wire rope drives 


G. H. RYDER, England 


As a means of providing a drive 
between two shafts, belt or rope drives 
are comparatively inexpensive in first 
cost and in maintenance. The shafts 


need not be parallel and a wide range 


Main 
trans- 


of center distance is available. 


disadvantage: velocity ratio 
mitted is indeterminate because of 
creep under working load with the 


possibility of slip if the limiting load 


Table 1.—Belt and Rope Materials and Properties 





Coefficient 
Friction 
on cast 


ron pulleys 


Balata 
Rubber 
Steel 


Modulus of 
Elasticity 


Working 
Strengt! 
max. ten 


Density cord value 


psi sion psi 


20.000 300 /500 
40 ,000 300 /400 
30 000 300 /400 
50.000 400 /500 
0.000 400 /500 


30 x 10 10.000 


4000 








is exceeded. Slipping, however, does 
give a form of overload safety which 
Is necessary in certain types of drives 

Main advantage of the V-belt over 
the flat is the increased tension ratio 
obtainable without slip because of the 
wedging action; the same effect is ob- 
tained with ropes running in grooved 
pulleys. 

V-belts and ropes are run in grooved 
pulleys, the included angle of the 
groove being normally 40 deg for V- 
belts and 45 deg for cotton ropes 
Wire ropes are used for long distance 
haulage drives and are designed to 
run at the bottom of the pulley 
grooves. 
choice of materials, 
belts may be made to withstand ex- 
treme atmosphere conditions of heat 
and humidity or to work in the pres- 
ence of dust or oil. 


By suitable 


BELT AND 
ROPE MATERIALS 


lable I lists some types of belt and 
rope materials that are available and 
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Fig. 2—Variation of effective tension and power with belt speed. 


their properties. The values should 
only be treated as approximate and 
will vary with the method of manu- 
facture. 

Leather may be had in laminations, 
the thickness of a single layer being 
Me to % in. Woven belting is made 
in thicknesses from % in. and greater. 
Woven hair or Balata belting is recom- 
mended when conditions of heat and 
humidity are involved. Rubber belting 
will give a long service life if there is 
no contamination by oil or grease 
Steel belts are excellent for high speed 
applications as they have virtually no 
stretch. Initial tensioning is critical, 
but its high strength enables consider- 
able power to be transmitted for a 
minimum expenditure in belt and 
pulley material. 


FLAT BELT FORMULAS 


If a belt has an arc of contact of 
6 radians about a pulley, the maxi- 
mum ratio of the tensions (under static 
conditions) at its ends is given by: 

T,/T: =e =k 
where » = coefficient of friction. 
The effective tension, or tension dif- 
ference Is 

T,-—T2:=T,(1—1/k 2 
and this determines the torque, and 
hence the power, which can be trans- 


mitted. The coefficient of perform 
ance is defined as 

T; -T; 'T;= k 1)/k } 
and represents the proportion of the 
maximum tension which can effec- 
tively be used. Fig. 1 shows how the 
coefficient of performance varies with 
the arc of contact and coefficient of 
friction. In a drive between two un- 
equal pulleys the coefficient of per- 
formance is determined by the smaller 
of the two arcs of contact. In a short 
center distance drive this can be in- 
creased by using an idler pulley 

When the belt is running at a linear 
speed, v, ft/min, there is a centrifugal 
tension caused by the 
around the pulley. Centrifugal tension 
is given by 

T. = Wr*/3600 g 4 
where W is the weight of the belt 
lb/ft. 
The total tensions on the two sides of 
the belt (tight and slack) are given 
by 


curvature 


T,.=T7T,+T. 5 

T,=T.+T, a 

If the initial tension (static, no load) 
is Te and the belt is assumed to have 
a linear elasticity and constant length 
under running and static conditions 
then 

T.+T,=2T, 7 
This must be modified to allow for 
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non-linear elasticity and catenary ef- 
fects. 
From Eqs (1), (5), (6) and (7) it can 
be shown that 
T’, 
and 
T', = 2k 
The effective tension, Eq (2) is 
T; —T:=[2(k—1)/k+1)] (T.—T.) (10 
[he horsepower which can be trans 
mitted is 
Hp T, —7)¥/33,000 
2(k—1) (T,—T.)»/(k+-1) (33,000 
1] 
For a given drive this varies with 
speed as shown in Fig. 2, and by the 
substitution of 7. from Eq (4) and 
differentiating, it can be shown that 
the power reaches a maximum when 
vy =60./7.0/3V 12 
at which speed 
T.=1/3 T, 13 
and maximum power is 
Hp =4(k—1) Tw/3 (k+1 
How the best speed of running 
varies with initial tension and weight 
of belt is shown in Fig 


33,000 14 


3. For a belt 
run at its maximum working strength 
this speed usually falls in the 4000 to 
6000 ft/min range 


V-BELT AND 
COTTON ROPE FORMULAS 

Because of the wedging action in 
the pulley grooves, the equivalent co 
efficient of friction for forces in the 
plane of the pulley and belt is 

u,=p/Sin a 15 
where a is the semi-groove angle 
The previous equations then apply, 
with 

pO /sina 16 

K =¢ 
It can be seen from Fig. 1 that the 
coefficient of performance can now be 
increased to over 90%. 

Example 1. A single V-belt of in 
cluded angle 40° and weighing 0.3 
lb/ft is to transmit 20 hp between 
two pulleys of 1 ft and 3 ft dia and 
which are 4 ft apart. If the coefficient 
of friction is 0.3 and the belt speed is 
5000 ft/min calculate the value of 
initial tension and maximum running 
tension. 

From Eq (15) 

ue =0.3/sin 20 0.878 

Arc of 


pulley is 


contact on the smaller 


180 —2 sin ! = 15) 


From Eq (1) 


0.878 x 151r/180 
a 


From Eq (4) 


] 0.3 ‘O00 
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Fig. 3—Optimum belt speed against weight of belt and initial tension. 


From Eq (11) 

20 2) (9/11 5 5000 / 33000 
rherefore 

7 65+81=146 li 
From Eq (8) 

[(2) (10/11 


213 Ib 


STRENGTH LIMITATION 
TO EFFECTIVE TENSION 
Eq (11) gives the maximum power! 
which can be transmitted at a speed, 
v, under an initial tension, 7,, assum- 
ing limiting friction conditions. How- 
ever, belt strength may be exceeded 
before these conditions are reached. 
The maximum tension is 7,, and from 
Eqs (5) and (6), the effective tension 
1s 
rT; T'.—-T,=2(7 le 17 
The maximum tension 
varies with the initial tension, Fig. 4. 
Lines OL and OM are the limits un- 
der slippage conditions, the former 


effective 


neglecting centrifugal tension; the lat- 
ter assuming the belt speed satisfies 
Eqs (12) and (13). Line PQ is the 
boundary imposed by the strenfth of 
the belt, Eq (17). In any particular 
drive only the region OLQ or OMQ 
(depen 

trift 


ling on the allowance for cen- 


109 
jm 


A 
I tension is operative 

Example 2. A woven fabric belt “% 
in. thick weighs 0.035 Ib/cu in. and 
has a maximum working strength of 
400 psi. If it is to drive between two 


pulleys for which the smaller are of 


E12 


contact is 150 deg and the coefficient 
of friction is 0.25, find the maximum 
horsepower per inch width and the 
corresponding speed and initial ten- 
sion. If the initial tension varies plus 
or minus 10% estimate the limiting 
powers at the same speed 


0.25) (150) (9)/180 0.654 ,, 
t 


j é 1.9 

To find the value of T. at M in Fig 
4, equate effective tension as given by 
Eqs (10) and (13) to that from Eq (17) 


4/3) (0.92/2.92) T,=(2) (400 


) 


from which 7 200/2.42 
From Eg (12) 
vy =60+/(83) (32.2 

5500 fpm 
From Eqs (11) and (13) 
4/3) (0.92/2.92 


83 x 5500/33. 00 


Max hp/in 


5.8 
If JT. is reduced 10%, the limiting 
line is OM (neglecting a slight varia- 
tion in the ratio T-/T.), and the 
horsepower is reduced to 

0.9) (5.8 5.2 approx 

If 7. is increased by 10% the limit 
ing line is MO, with 7 91.3 Ib 
Effective tension 2 (7 - 
2(100—91.3) 

17.4 lb 

Hp at 5500 fpm 
33,000) 

=2.9 
Note the danger of overloading the 
belt due to 


errors in initial ten- 


sion, which should be set so that the 


running condition does not pass be 


yond the point M. 


EFFECT OF 
NON-LINEAR ELASTICITY 

Except for flat steel belts, all the 
materials used exhibit a stress/strain 
ratio that increases with the tension, 
and if the length of belt is to remain 
constant the sum of the running ten- 
sions must be greater than twice the 
static tension. Eq (7) becomes 7 
1 2T. and there is 
crease in the power which can be 


a slight in 


transmitted, Eq (11) for a given initial 
tension. 


SPEED LOSS CAUSED 
BY CREEP AND SLIP 


As the belt moves around the driv- 
ing pulley from the tight side to the 
slack side the tension decreases and 
the belt contracts in length. Experi 
ments indicate that the belt and pulley 
speed are the same where the belt is 
coming on the pulley. and, therefore, 
the slack side is moving at a lowe! 
speed than the driving pulley 

Opposite conditions apply around 
the driven pulley, which has a peri 
pheral speed equal to that of the slack 
side. The ratio of peripheral speeds of 
the two pulleys is the difference in 
strains of the two sides of the belt, 
ind the speed ratio iS 

1+e,/1+-< 17 
where e. and e+ are the unit strains 


caused by the tight and slack tensions 
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nd Catenalr effects 


where a is the cross-sectional area of 
the belt 

The tightening effect only becomes 
appreciable over long spans with a 
high tension ratio 
Example 3. A horizontal belt drive 
spans two equal pulleys 100 ft apart 
The belt weighs 0.5 »/ft and has 
cross-section of 1.2 sq in. Modulus of 
elasticity is 50,000 psi and the maxi 
mum running tension is to be 400 Ib 
Find the initial tension required if 20 
hp is to be transmitted at 4000 fpm 

ind check that slipping will 


t the coefficient of friction 


Fig. 4—Variation of effective tension with initial 
tension under slip and maximum tension conditions. 


The fractional loss of speed IS ¢ : The total torque loss due to these 


approximately effects will not normal 


> 
I] exceed 


not OccuUl 


If J 30,000 psi and the stresses 


on the tight and slack side are 400 
. CATENARY EFFECT WEIGHT OF BELT 


psi and 250 psi 
‘ a 
— 100 —25 It is normal practice with horizontal 
0.5% Is ed due t et and inclined drives to run with the 


) I ( 


vertical drive ther 


n tension betweer 


In addition to creep there may be a slack side on top of the pulleys in o1 


bodily slip of the belt i lim ting tel der to increase the ingle ot lap T} C 
sion conditions are exceeded free lengths of belt between the p il 


leys hang under their own weight 
E LOSS 
TORQUE LO catenary curves, and this produces 


The loss in effective tension (and tightening effect when running, the 
hence torque) due to the change in sum of the two tensions being greater 
curvature of the belt as it passes o1 than twice the static tension. This en 


to be [ 


e transm 


and off each pulley is due to hysteresis ables a greater powe! 
effects and increases with the ratio ter before slipping occurs 
belt thickness/ pulley diameter. This 1s If L is the center distance betwe 


the main reason why thin flat belts two equal pulleys of a_ horiz 


nt 


are to be preferred to V-belts on small drive, for a tension 7, the 

pulley drives. If belt thickness exceeds hanging belt exceeds the 
of the pulley diameter the permis span by W°L°247 

sible maximum stress must be reduced lowing for the str 
Windage loss 1S proportional to the cause of its elasticity 

square of the belt speed and _ the change in length under 


length of the belt ning conditions caused 
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Plastic-core 
leather belting 


A New plastic-core power transmission belt is claimed 
to eliminate stretch and run on fixed centers for years 
without adjustment. Extreme strength of a polymer section 
results in a very thin belt that runs at much greater speed 
than other types and operates around smaller pulleys. 
Compact drives that once were considered impossible, 


now become routine. 


BELT PROPERTIES 


Friction properties of the running surface eliminate 
slip and reduce bearing loads, even at much higher pulley 
ratios. Biggest savings come from years of trouble-free 
operation, resulting in less maintenance and down time. 

Belt consists of a polymer tensile member, sandwiched 
between a chrome-tanned-leather friction surface; chrome- 
tanned leather has the highest coefficient of friction of 
any practical belting material 

Unlike other belts, the leather serves only as a friction 
surface. The load-carrying job is left to the plastic center. 
Because the leather carries no load, it can be tanned for 
maximum friction, without regard to 
strength or stretch properties 

This combination provides a belt that is strong, elastic 
and flexible. It absorbs shock loads and will not take a 
Also, belt outpulls any other type of 


coefficient of 


permanent stretch 
belt at lower bearing loads 

Most common type of this new belt has layers of leather 
and textile, with polymer sandwiched between. Two other 
types are for unusual drives. One, utilizing a layer of 
polymer and a layer of leather, is for ultra-high-speed 
drives needing a belt of great flexibility and light weight. 
The other special construction has two layers of leather 
over several layers of polymer. It’s used on multi-pulley 
drives where the belt must drive off both sides. Eight 
variations of these constructions are possible. They pro- 
vide a 7:1 range in tensile member thickness (from 0.02 
to 0.14 in.), in steps to adapt to any transmission drive 


PLASTIC BELT 
REDUCES BEARING LOAD 


Tensional or bearing load, required to transmit power 
through belts, depends on three factors: (1) belt pressure 
against pulley (2) friction coefficient of running surfaces 
(3) theoretical minimum belt pull to transmit the power 

Factor (1) depends on ability of the belt to maintain 
a constant tension or pressure against the pulley. Plastic 
belt can not stretch and needs no over-tightening to 
compensate for stretch. And, since it can be installed at 
the minimum required tension, it never imposes excessive 
loads on bearings. While plastic has no permanent stretch, 
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From: Power 


it is elastic. Elasticity is very important, especially under 
shock loads and vibration of high-speed machinery. 

Factor (2)—Bearing load—depends on the coefficient 
of friction of the belt’s surface. The higher the coefficient 
of friction, the lower the bearing load needed to resist 
belt slip about the driving and driven pulley. 

Factor (3) involves utilizing high-speed capabilities 
of plastic-core belting. When belt speed doubles, pull 
needed to transmit same horsepower is cut in half. Since 
optimum operating speed is 14,000 fpm, the belt pull 
often can be reduced to a fraction of its original value 
by increasing belt speed. Because plastic belt is much 
narrower, narrower pulleys can be used to keep the cen- 
ter of pull closer to the bearings. This feature permits 
the design of more compact equipment, taking less space. 


REFERENCE: 

Let’s Take a Look at Plastic-core Leather Belting, by Ex- 
tremultus, Inc., 405 Lexington Ave., New York. Published in 
Power, May 1958, p. 116-117. 
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Fig. 1—Comparison of a spinning flywheel and fluid drive 
couplings with equivalent energy rotating at 1,000 rpm. 


From: General Motors Engineering Journal* 
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Fig. 2—The smaller flywheel would have to rotate twice as 
fast or 2000 rpm to have equal energy. 


Operating principles of fluid couplings 


for 
automotive 
engines 


OLIVER K. KELLEY 


Chief Engineer 
Buick Motor Division 
General Motors Corp. 


Tu simple mechanics of hydro- 


dynamic drive is based on _ the 
principle of a spinning flywheel. A 
spinning flywheel has stored-up ener- 
gy and exerts a turning force on any 
mechanism stopping its rotation. Con- 
versely, a turning force must be 
exerted against the flywheel to get it 
up to speed again after it has been 
stopped. A fluid drive coupling with 
an engine driving its input member 
and its output member stopped or sta- 
tionary is the direct equivalent of this 


spinning flywheel principle 


PRINCIPLES OF 
FLUID COUPLING 


Oil flowing radially outward 
through the input member of a fluid 
drive coupling leaves in the form of 
a spinning flywheel of oil. The turning 
force exerted by a flywheel while it 
is being slowed is a function of the 





*This journal is available 
only to engineering educators and en- 


gineering libraries 


regularly 


Successful automatic transmission design has been based on the 


utilization of a hydro-dynamic drive component—either the fluid 


drive coupling or the torque converter—in conjunction with plane- 


tary gears and hydraulic controls. Hydro-dynamic drive com- 


ponents are basically simple hydraulic mechanisms. An easy ap- 


proach to an understanding of these units is by the principle of 


a flywheel. 

rate at which it is being retarded, its 
mean diameter, and its weight. As- 
that the member of a 
fluid drive coupling forms, at a rate 


sume input 
of 32 fps, a flywheel rim of oil having 
a rotation of 1,000 mean 
diameter of 12 in., and a rim section 
inch in thickness, Fig. 1. The 
rotation of the flywheel rim is being 
stopped by the 
output 


rpm, a 
one 
stationary 


fluid 


length of such a 


stalled or 
member of the drive 
32-ft 


flywheel rim of oil 


coupling. A 
will weigh ap- 


proximately 360 Ib and produce a 


turning force or torque of 300 ft-lb 
when stopped in one second 

stalled fluid 
drive coupling when an engine de- 
veloping a ft-lb 
running at full throttle is trying to set 


This takes place in a 


torque of 300 and 


a car in motion. The input member 
is extruding a spinning fluid flywheel 
and pushing it into the blades of the 
stationary output member that stops 
the spin and receives a turning force 
or torque on its blades amounting to 


a torque of 300 foot-pounds 
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Once the oil gets inside the blades 


of the stationary member, all resem 
blance to a spinning fluid flywheel is 
destroyed. The oil comes out in a 
straight axial flow and returns to the 
nput member. There the oil is picked 
up from standstill and again recreated 
nto a spinning fluid flywheel 

If the action of a fluid drive cou 
pling running efficiently at 


examined, 


higher 
another direct 


flywheels 


speeds is 


comparison with may be 


made. Visualize two flywheels, run 


ning at 1,000 rpm and weighing the 


same but with different mean diam 


eters, Fig. 2. If the diameter of the 
larger flywheel is 


twice aS great as 


that of the smaller one, its energy 


four times greater To have equ 

energy, the smaller unit would have to 
revolve twice as fast or at 2000 rpm 
If the larger flywheel could be com 
ressed down to the proportions of 
the smaller flywheel, without changing 
its speed the process would give the 
energy difference between the two fly 


wheels. Such a process can be accom 
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Fig. 3—Fluid leaving the output member 
has lost *4 of the energy supplied by 
the input member. 


This occurs in a fluid 


while 


plished with oil 


drive coupling running neal 


100% efficiency 

With a fluid drive coupling having 
a circulation efficiency of 100%, Fig 
3, the input or driving member pro- 
duces a continuous flywheel at a spe- 
cific number of ft per sec. The output 
or driven member reduces the fluid 
flywheel to a smaller diameter with 
a correspondingly thicker rim section 
This smaller flywheel leaves the driven 
member at the same rpm as when it 
entered, minus three-quarters of its 
original energy. This energy drives 
the car and must be resupplied by 
the engine when the oil enters the 
nput member 

The fluid drive coupling can be 
considered as a pair of rotating forms 
that convert a large diameter spinning 
fluid flywheel into one of smaller 
diameter of equal weight. Energy is 
absorbed by the output member as the 


flywheel diameter is decreased 


SIMPLE THREE-ELEMENT 
TORQUE CONVERTER 


Assuming that the coupling is 100 
efficient, the input member rotating at 
1,000 rpm and output member stalled 
or stationary Replace the blades of 
the output member with blades curved 
backward to receive the spinning oil 
vithout splash With the blades curved 
backward, the oil, as it is ejected, will 
be spinning backward, Fig. 4 

The backward speed of the spin- 
ning fluid flywheel depends upon the 
exit angle of the blades and the flow 
velocity of the oil. With the outcoming 
oil spinning at 2,000 rpm, the smaller 
flywheel, running at 2.000 rpm, has 
the same energy as the larger fly- 
wheel running at 1,000 rpm. If the 
output member is locked and turbine 
efficiency is 100%, it would be pos 
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Fig. 4—Curving output members blades 
backward results in greater force being 
exerted upon the output member. 


sible to have a condition of equal 
energies in the input and output oil 
However, the enrgies would be in 
opposite directions 

[he turning force on the output 
member or turbine is now twice as 
great as it was when the input mem- 
ber was sending out an equal fluid 
flywheel 
the force of slowing down the 1,000 
rpm fluid-flywheel rim section at a 
rate of 32 fps and the speeding up 
of the reversely spinning flywheel of 


The turbine is reacted on by 


equal energy. Therefore, this turbine 
has twice the turning force of the 
fluid drive coupling for equal flow 
velocity and equal input member 
conditions. 

In this arrangement, the direction 
of the spinning oil leaving the turbine 
is backward. It would require the en 
tire engine torque to stop this back- 
ward rotation when it hits the entrance 
to the input member, or pump, and 
there would be no engine torqu left 
to reenergize the oil into a forward 
rotating fluid flywheel at the outlet of 


the input member 


FUNCTION OF 
THE STATOR 


This can be correctd by installing 


Stationary curvd blades, or stator 
turbine exit and the 
Fig. 5. The addition of the 


changes the 


between the 
pump, 
stator coupling to a 


simple, single-phase, three-element 


torque converter The curved station 
ary blades of the stator are shaped 
to receive the backward rotation of 
the oil and reverse its direction with 
no energy loss in the oil leaving the 
stator. The stator has received a fluid 
flywheel running backward at 2,000 
rpm and converted it into a forward 
rotating fluid flywheel at 2,000 rpm 


The oil re-entering the pump is 


> AN en 
<,UYUUlpm 


forword . | 


Vy rom bactword))) y L 
' a. Z rom 


Cy Wh nary 


} 


== = Y 
0% flow efficiency infinite torque multiplication 
Fig. 5—Installation of stator blades re- 
verses backward flow from output mem- 
ber. Reactive force on the stator estab- 
lishes amount of torque multiplication 
developed. 


now in the form of a smaller diameter 
fluid flywheel rotating at 2,000 rpm 
with the same energy and direction 
of rotation as the larger diamete! 
fluid flywheel coming out of the pump 
at 1,000 rpm. This means that the 
engine does not add energy to the oil 
The engine-driven pump could be de 
signed to receive the 2,000 rpm 
smaller diameter flywheel and let it 
expand in a free whirl into the larger 
diameter flywheel. During expansion, 
the rotative speed of the flywheel 
would decrease while its radius in 
creases, until it comes out of the pump 
at 1,000 rpm with its original energy 
intact and essentially without exerting 


force on the blades 


FLUID FLOW LOSSES 


Theoretically. it would be possible 
to get a large driving torque on the 
turbine without using any of the en 
gine’s torque. This would actually be 
the case if there were no flow losses 
However, friction in the fluid’s flow 
makes it impossible to obtain such an 
Fluid drive couplings are 

efficient. Part of the 


momentum of the 1,000 rpm flywheel 


ideal result 


never 100‘ 


must be used to overcome the friction 
of the oil flow. The same holds true 
for the simple, three-element torque 
converter. Part of the momentum of 
the larger flywheel must be used to 
accomplish the conversion through 
the turbine. It is difficult to obtain 
a 1,900 rpm backward spinning fly 
wheel in place of the 2,000 rpm fly 
wheel 

Flow losses also exist in the stator 
The most that could be accomplished 
would be to design the exits of the 
stator blades to produce a 1,800 rpm 
flywheel rotating forward from the 


1,900 rpm backward spinning fly- 
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Wheel. This would the 


equivalent of a 900 rpm larger fly- 


give energy 
wheel and leave an equivalent of 100 
rpm larger flywheel to be supplied by 
the pump. Even this 900 rpm fluid fly 
Wheel cannot be formed without some 
help from the pump. The pump blades 
can be slanted slightly backward, pet 
mitting the pump to 


run slightly 


faster (for example at 1,020 rpm) 
This does not increase the torque on 
the pump, merely its speed. The pump 
the 
difference between the original large 
the 


pump 


must supply a torque equal to 


flywheel and smaller flywheel 
entering the 
If the 


fiywheel are 


the 


turbine 


energy equivalents of 


used, the 


irger 
has received the turning force of the 
original 
half the 
Chis 


950 rpm 


1,000 rpm fiywheel plus one 


smaller 1,900 rpm flywheel 


would index 


the 


give an figure of 


representing turbine 


torque. The pump torque could 


represented by a 100 rpm figure 
equivale 


the 


the | rger d 


Stator torque would be 


850 mete 


the 


| rpm in 
one-half the 
the | 
flywheels 


\ torque 


fiywheel—or sum of 


1.900 rpm and S00 rpm small 


ameter 


converte may De 


pro- 


duced where the relation turbine 


to pump torque is 20 to 1 if the con 


verter was designed for maximum 


7 t} ' ‘ ’ ] i 
ow efficiency at stall conditions. If 


t is 
effi 


turbine is stalled, however 


work and 


Is ZeTO 


doing no overall 


ciency 

\ practical torque converte s de 
signed with blade entrance angles that 
the flow properly for 


receive some 


useful drive ratio, for example 


tion 


multiplica 


flow 


to | torque 


, 
same conditions of velocity 


efficiency are assumed as before, 


rain necessa;©r 
the turbin ind ilo 
+ } ’ 
of the large 


By 


enters the pump there Is a 


fivwheel the time the 


tola 


ivalent of LOO rpm lost from the 


minal 1.000 rpm flywheel’s energy 


there are losses caused 


rotation. If 


In addition 


turbine’s there is 


the 


LO energy due to hydraulic 


loss 
the 


the turbine torque must be 


w through turbine and stator 


twice the 
pump torque. The turbine speed must 
than one-half the 


the 


0 less pump 


speed This sets turbine speed at 
and the turbine blades must 
the 


achieve 


+0 rpm 


ve formed to receive 1,000 rpm 
lo this, the 


and exit angles of the turbine 


flywheel of oil 


entrance 
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blades must be accurately established tance. Sec 

Hydraulic loss assigned to the stator lator are not 
was the equivalent of 50 rpm of the laximum possible tt 
1,000 flywheel energy, 01 il as was 


he oil 


entering than W pl 


rpm initial 
The 


yackspin 


5%. The rotational speed of the rque converter 


should be 5% greater oduce a 


leaving the stator. The rpm of the oil stead of 1,900 rpm, a 


considered 


tne 


entering the pump can be 


Diades produce i 


as an unknown quantity X and rpm instead of 1,800 ry 


more oil must circ 


the 


rpm of the oil leaving the turbine as ilt 
105% of X. The 
been established as 


the 


has Gguce forces i 


pump 
the 


torque same 


difference in nd a greater tor 


after 


que mi 


flywheel values before and he oul because the st 


passing through the pump, and _ thé produces the maximum 


ward spin 
Both the 


ition 


turbine torque is the sum of the fluid 


flywheel values before and after shock lo 
For 2 to | C 
the 


torque must be twice the pump torque 


pass 


ses 


ing through the turbine rcul losses 


torque multiplication turbine the square of the flow 


idds up to several times 


ide al 
the 


Ihe following equation determines the 


the rpm of the oil entering the pump Under best of 


and leaving the turbine e possible 


The turbine blade exit 


be designed to produce a net back 


ward spin to the oil of 688 rpm wh 


forward speed ol 


ins that the t 


the turbine has a 


$50 rpm. This me 


blade exit angles must 
fluid 
of 1,138 rpm while the turbine 


the 


flywheel having 


tlonary, instead of ideal st 


itio torque converter’s 1,900 
If a 

the 
are formed so that oil le 


rpm 


| | 
1OSS lowe 


hydraulic 


for pump and the 


1.000 rpm, and e! 


the basic design 
1S completed 


be calcul i | 


ited 
speed times its torqu¢ 
the turbine 
which gives 


[his 


efficiency 


AS 
point 


ists without enti 


TORQUE 
MULTIPLICATION 


This 


element 


single-phase 


torque con\ 


turbine cannot pr 


torque multiplication 


in ideal torque 


' 
con 


tor stall 


condition in 
respects 
First 


its memDe 


turbine is sta 


the 


tionary and large shock losses are e! 


oil properly when 


7 
countered which increase the kk 
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From: ASME Paper 


Applications of 


sprag-type 
OO a clutches 


in one direction; and free wheels or over-runs in W. T. CHERRY, Manager, Application Engineering 


the opposite direction. For example, gear motor Formsprag Company 

drives the load by transmitting torque through the 

overrunning clutch and the high speed shaft. 

Energizing the high speed motor, causes the inner 

member to rotate at the rpm of the high speed S ° . 
ra lutch 

motor, the gear motor continues to drive the inner Pp g curenes of the overrunning type transmit 


member, but the clutch is freewheeling. torque in one direction and reduce speed, rest, hold, or 
free wheel in the reverse direction. Applications include 
overrunning, backstopping and indexing. Selection— 
similar to other mechanical devices—requires a review 


of torque to be transmitted, overrunning speed, type 


Bockstooping clutch with of lubrication, mounting characteristics, environmental 
ouler roce 1 fo stotionor aoe nes 
frame of conveyor conditions and shock conditions that may be met. 


Fig. 2—Backstopping permits rotation in one di- 
rection only—clutch serves as a counter rotation 
holding device. An example is a clutch mounted 
on the headshaft of a conveyor, with the outer 
race restrained by means of torque-arming to the 
stationary frame of the conveyor. If for any reason 
power to the conveyor is interrupted, the back- 
stopping clutch will prevent the buckets from 
running backwards and dumping the load. 


. 


Fig. 3—Indexing is the transmission of intermittent 

rotary motion in one direction; an example, on Fig. 4—Unidirectional drives with reverse mechanism by incorporat- 
the roll feeds of a punch press. On each stroke of ing two overrunning clutches into the gears, sheaves or sprockets. 
the press crankshaft, a feed stroke on the roll Here, a 1:1 ratio right-angle drive is depicted having a reversing input 
feed is accomplished by means of the rack and shaft. The output shaft rotates clockwise regardless of input shaft 
pinion system. Rack and pinion system feeds the direction. By changing gear sizes, combinations of continuous or 
material into the dies of punch press. intermittent unidirectional output relative to input is possible. 
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Fig. 5—Two speed unidirectional output is possible by using spur gears and reversing the direction of the input shaft. Ro- 
tation of shaft A power gears B, D, and E to output. Counterclockwise rotation engages lower clutch, freewheeling upper 
clutch as gear C is traveling at a faster rate than the shaft caused by reduction between gears B and E. Clockwise ro- 
tation of A engages upper clutch, while lower clutch freewheels because of the speed increase between gears D and E. 





—_—_——~} 








Fig. 7—Speed differential application permits operation of en- 
gine accessories within a narrow speed range while the engine 
operates over a wide range. Pulley No. 2 contains the over- 
running clutch. When the friction or electric clutch is dis- 
engaged, driver pulley drives pulley No. 2 through the over- 
running clutch, rotating the driven shaft. Engagement of the 
friction or electric clutch causes high speed driven shaft rota- 


tion causing an overrun condition im the clutch at pulley No. 2. 


—_ 
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Fig. 6 (Left)}—Speed-differential or compensation is 
required where a different speed range for a function 
is desired while retaining the same basic speed for 
all other functions. A series of individually power 
driven rolls may have different surface speeds because 
of drive or diameter variations of the rolls. An over- 
running clutch permits the rolls of slower peripheral 
speed to overspeed and adjust to the material speed. 


Fig. 8—High inertia dissipation is desirable to avoid 
driving back through a power system, or in machines 
having high resistances, to prevent power train dam- 
age. If the engine is shut down and the generator 
was under a “no-load” condition, there would be a 
tendency to twist off the generator shaft. Overrun- 
ning clutch allows generator deceleration at a slower 
rate than the engine deceleration. 
REFERENCI 

Applications of Sprag-type Overt 
by W Ir. Cherry, Formsprag 
Michigan. Presented at the ASMI 
ing, December 1-6. Paper N 





Strong, stable V-belts reinforced 


with DACRON 
Save space... give long-run economy 


V-BELT CORD TENSILE 
STRENGTH 
COMPARISON 


145 Ibs. ; : 93 Ibs. 


“DACRON”" A TYPICAL 
POLYESTER HIGH TENACITY 
2 “ FIBER RAYON 


FEWER BELTS...SMALLER SHEAVES. You achieve greater IDEAL FOR HIGH-IMPACT OR SHOCK-LOAD DRIVES. \ 


design freedom with V-belts reinforced with DACRON fiber 
I'ake advantage of their greater strength by using fewer 
belts and sheaves. Or you can increase drive horsepower 


belts 
made with DACRON have greater strength and rugg¢ dness to 


withstand severe shock loads. When compared with tou 
fibers of a typical high tenacity rayon V-belt cord (Du Pont 

capacity without increasing the number or size of sheaves “Super Cordura DAC 

In a typical installation, 5 belts reinforced with DACRON do 


the work of 7 conventional V-belts 


RON proved 2? Ibs. higher in cord 
tensile strength! That’s why V-Belts reinforced with DACRON 
last longer than ordinary belts 


V-belts reinforced with Du Pont DACRON* poly 


ester fiber are stronger than conventional V-belts 





Their greater strength means you can use fewer 
belts, smaller sheaves . . . and narrower drives 
make it possible to reduce shaft length. DACRON 








vieldsslightly under high impact, but resists stretch 


Its low moisture regain minimizes matching prob- 





lems ... lowers belt inventory 





For the next drive you design or install, consider 





the advantages of V-belts made with DACRON 
Du Pont makes the DACRON fiber used by belt 
manufacturers in producing their finest-quality 
V-belts. E. I. du Pont de Nemours & Co. (In 
5518-S Nemours Building, Wilmington 98, Del. 











OF THE MONTH 


SAVES VALUABLE MAN-HOURS. Smooth, efficient operation 
of V-belts reinforced with DACRON keeps production moving 
at peak capacity V-belts of DACRON stretch less . . . elin 
nate the excessive cost of frequent downtime for belt adjust 
ment Their stability minimizes belt-mat« hing problems too 


l 


V-BELTS REINFORCED WITH “DACRON" transmit more horsepower...stand greater shock 


loads ... give longer flex life... give greater opportunities for machine-design improvement 
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Borg-Warner’s Constant Reach for Pertection 


Leads to Better Power Transmission 


dependable B-W 


DI] BorG-WARNER 


200 S. Michigan Ave. 


Chicago 4, Illinois 











WARNER SPIN-RESISTANT DIFFERENTIAL 


‘ 
\ 


~ 
Soentnetenaeceeetiiianiaeinaaet 
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Gives Superior Performance 


No matter what the weather or road con- 
dition—rain, snow, ice, sand, gravel, mud— 
the new Warner Spin-Resistant Differen- 
tial keeps cars on the go. With power 
automatically transferred to the wheel with 
the greater traction, pre-loaded cone 
brakes and side gear thrust smoothly brake 
the other wheel. 

That virtually eliminates wheel spin, 
greatly reduces dangerous skids and 
swerves, ends tire scuffing from wheel 
bounce. And that means sure-footed driv- 


WARNER 
AUTOMOTIVE 


ing for cars, trucks, fork lifts and other 
vehicles. 

Equally important is what the Warner 
Spin-Resistant Differential WON’T do. It 
won't become noisy, won’t cause full lock- 
ing of either axle shaft, won't interfere 
with normal steering, won’t develop exces- 
sive backlash. 

That all adds up to better, more depend- 
able performance, greater user satisfaction. 
Why not see for yourself. Write, wire or 
telephone for full information. 


WARNER AUTOMOTIVE 


Warner Automotive Division, Borg - Warner Corporation 


GORG WARNER 


AUBURN, INDIANA 











~~. 


Retards wheel spin 
for better traction 


fc, ot 


Ends tire scuffing from wheel he 
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ORDINARY CHAIN BREAKS when the side plate tires 


from repetitive loading and unloading during the cycle around 
the sprockets. But Morse H-E Roller Chain has a 95% higher 
endurance limit and outlasts ordinary chain by up to 5 to 1 


Le 


“Tired Metal’... the bane of chain 


now licked by MORSE H-E 


Morse Hioch Ff 
ent 


Morse H-E Roller Chain has up to 500% longer 


service life . . . cuts replacement and labor costs 





The unretouched photograph shows what happens to 

chain when the metal fatigues. But now a special Morse 

process has licked the “‘tired metal’’ problem. It gives 

Morse H-E Roller Chain 95% higher endurance limit 
. and up to 500% longer service life. 


The special process means Morse H-E Chain costs 
or a . > Normal Load Capacity 
about 10% more. But that’s a small price to pay for a of Ordinary Chain 

heavy-duty chain that can save you thousands of | 

dollars annually in replacement costs, downtime, and Applied 


wasted man-hours. 





For more information on the chain that licked the Red area: Under 
“tired metal’’ problem once and for all, see your local ordinary cha 
Morse Distributor. Or write: MORSE CHAIN COM- White area: Undes 
PANY, Dept. 4-98, Ithaca, New York. Export Sales: chain and Morse | 
Borg-Warner International, Chicago 3, Illinois. 


IN POWER TRANSMISSION 
THE TOUGH JOBS COME TO 


REMEMBER: Only Morse offers you all four of these basic drives: Roller Chain, Silent Chain, Hy-Vo", and ‘Timing 
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EVERY BORG & BECK CLUTCH 
MUST “WALK A STRAIGHT LINE” 





TO ASSURE PERFECT BALANCE 























Probably the most important single quality in a clutch is balance— 
because balance means smoothness of operation, not only of the 
clutch but of the engine as well. 


That's why Borg & Beck clutches are checked for balance, at opera- 
tional speeds, on specially designed test machines. Even the slightest 
unbalance is instantly detected and carefully corrected. Perfect bal- 
ance is assured, as shown above, when the electric beam of the oscil- 
lograph is vertically straight on the calibrated screen. And every Borg 
& Beck clutch must “walk this straight line” before it passes inspection. 


This is typical of the extra care that goes into every step in the making 
of Borg & Beck clutches. It is your assurance of top quality, top per- 
formance, top value. 


BORG & BECK 


THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 


BORG & BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 


VORG.waRwen | 





Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 
P 9 9 
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BOG 


Morlife ’ 


Spring 
Loaded 
Clutches 


QOOG 


Automotive 


Spring 
Loaded 
Clutches 


For foot pedal controlled vehicles For foot pedal controlled automotive 
and mplements With or without vehicles where cushioning is required 
dempener. Cushion type plote. Fiat for starting and shifting gears. Single 
or cupped cover. 6” to 11 sizes dry plate. 8” to 15” sizes. Capacity 
Capacity 50 to 325 foot pounds 100 te 1000 foot pounds. Standard 
S.A.E. Housings S.A.E. housings 

peSSeeCesee PYyY ITIL iii ii aaa 


1 For h y ty off the-r 
For troctors and pedal controlled or heavy uty ¢ " 


rin cushionec 
vehicles requiring starting ond shift requ 9 ° od 


ng cushioning. Single or double dry Single or double plate 
plote. 11" to 16” sizes. Capacity 300 


to 1950 foot pounds. Standard $.A.E 


sizes. Capacity 6 


stondard housings 


Spline-Drive 
Over- 
Center 


Clutches 


For machines requiring long periods 
of locked-in roller cam controlled 
engagement or disengagement. Single 
or double plate. Oil or dry operation 
8” to 16” sizes. 210 to 1630 foot 
pounds capacity Stondord SAE 


housing 


How to Specify the 


RIGHT CLUTCH 


For Your Particular Need 


Live-Power 
Take-Off 


Clutches 


For mochines requiring over-center 
PTO operation, independent of spring 


caded propulsion ontr Single 


Souble or tr 


FIRST — Decide what the clutch must do to 
make YOUR product operate most efficiently. 
NEXT—Decide the Type, Size, Shape, 
Strength, Stamina and Work-Life the clutch 
must have to meet YOUR particular need. 


o 400 foot pounds 


Single or 
Double 
Oil or Dry 
Multiple-Disc 
Clutches 


Gear-Drive 
Over- 
Center 

Clutches 


For machines requiring ‘over center 


THEN — Let Clutch Engineers contribute their 
specialized experience to help solve YOUR 
clutch problem. 


ROCKFORD Clutch Engineers will bring you 
complete information concerning the practi- 
cal application of any of the clutch types 
shown here: 


SEND FOR THIS HANDY BULLETIN 
Shows unique ROCKFORD CLUTCH and POWER 
TAKE-OFF applications. Con- 


tains diagrams, dimensions, 


ROCKFORD CLUTCH DIVISION wens 


209 Catherine Street, Rockford, Illinois, U.S. A. 


ond release locked-in position For machines 

utching Roller cam operation 
Single or double plote. Resists shock 
oading. 6," to 18” sizes. 125 to 
3235 foot pounds capacity. Standard 
S.A.E. housing 


hand operated cc 
space. Capoc't 


pounds 


o « 
eeeeeecece 


® 
. 
> 
° 
” 
a 
© 
a 
a 


Morlife 


Over- 
Center 


Light 
Over-Center F 


; Clutches 
x Clutches 

* 

@ For heavy duty off-the-road machines 
@ requiring cam controlled 

@ Single or double plote. 12 

4 sizes. Single or double plate. Stand 

e ord S.A.E. housing. Capacity 1500 
a 


to 3000 foot pounds 


peeeceecae oe 


gem C9 BOCCCOOCEEC COE TTI I CII C0eseeeeseceseese 
Double 


Plate Reduction 
Over-Center Speed 


Clutches 


t/ 


Over-Center G 
ear 
Air-Flow 


Morlife’ 


Clutches Reducers 


For large, crawler type tractors where 


For heavy-duty service .15” Spline high torque capacity is required in 
Complete self-contained units. Gear x : 
drive type. Maximum air cooling limited space. Brake plate mounted 


Over-Center cam action. 1440 foot 


tooth, over-center clutches. Capacity 
125 to 3000 foot pounds. Organic 
or Morlife clutch facings. No. 00 
Oo, 1, 2, 3, 4, 5, 6 S$.A.E. housings S.A using 


Se ae 
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Used where 
on ball bearing type relecse sieeve 


16” Over-Center size. Copacity 1630 


pounds torque capacity 


eeecsseese 
eceeseeees 
seseeseeees 
eeseeeot 


h 
be siower than engine sf 
“ 


850 foot pounds 
foot pounds 





SAPO SSIs, SUT VY SIMS HNC rer, WU. TEM, SINCUGS v2 


“design it better— 


make it better’’ 


\ 





ATKINS SAW f f ila nd we Zima re ft f PESCO PRODUCTS 
band saw i w Di > f Ww namele ' ‘ ne F r jrau and fue 


hains: machine k 1 < or lai ne 7 nand 3 Y Sand axial fl 


BJ SERVICE, INC.—cementing jizing, fre PRIMOR PRODUCTS 
t g and INGERSOLL STEEL—specia!l purpx t & syste 
weal forging qualityingots;: automotive id 
R B 7 ut v it a k BRGY y . 
BORG & BEC see diaaiesdiinaes atten, diene tae ite REFLECTAL CORP. —alun 
spades and scoops Sulatior Koolshade 
BORG-WARNER INTERNATIONAL — { n of Swen Comer 
eration. overseas ensing and ext N R ‘ m ve 
atior ‘ t f LONG MANUFACTURING—automotive t ROCKFORD CLUTCH 
Borg-Warner product: nverters, clutches, radiators, oi! co nat ame fur 
heater coils ooling and condensing co . vig aac ss — 
® rw pear e i t n wts 
BORG-WARNER, LTD.—aut and precision stampings; domestic heating - ie ae - te , 
< Ss, overdrives, automotive timir cooling and condensing coils: industrial and S wars . 
mercial fluid torque converters SPRING — torque converter and at 


converter assemblies 


torque converters 


and sprockets 
sprockets; rolier chains an ‘ . t s 
at tra T sion parts: sprag type 
BORG-WARNER (AUSTRALIA), LTD. tor pr sion springs; multi-slide 
nt . LONG MANUFACTURING CO., LTD. — sé¢ { ress stamping tr ry , 


Manufacturing 


tive transmission and differe gs; ele 


blies, gears, gear set and axiea a my 


BORG-WARWNER SERVICE PARTS—: J MARBON CHEMICAL ibber-to-n ] WARNER AUTOMOTIVE 

tributors of replacement aut af ves synthet and fr T y ent part autor 
plast resins ’ 

BYRON JACKSON— agricult P j lu 

entrifugal and turbine pumfs nucte MARVEL-SCHEBLER PRODUCTS 

mps; oil field products and s ‘ ‘ ate and LPG carburetion : 
nstruments brakes and devices; fuel injection systen 

nuclear cc xd mechs sms WARNER GEAR standard and auton 
transmis ons: overdrives: marinetrar 

MECHANICS UNIVERSAL JOINT—roller bear ns; parking brake assemblies; sy 


iniversa ints and propeller shafts f nizer assemblies; industria uck tran 


CALUMET STEEL—stee 
reinforcing bars; structura 


steel shapes, channe 


FRANKLIN STEEL— ste mot z tural, aircraft and 
nfor r } r r r F 
é . WARNER GEAR CO., LTD.—automotive 


at angies, special sect 
hronizer units 


INGERSOLL CONDITIONED AIR ion hains ar 


warm air furna and sun ‘ ‘ t WESTON HYDRAULICS, LTD.— precision hydrau 
“ ” — ore ae . “ exible r su ic > ne A raf 
tioning units water heater and ; . : nat equipr nt for aircraft 
and guide< issiles 


INGERSOLL HUMPHRYES—ename 

and steel bathroom fixture r y WOOSTER— agricultural and industrial hy 

: : > . MORSE CHAIN OF CANADA, LTD. utor ve jrau pumps 
timir , 


vitreous china water set vaives and power package 


g product ndustrial an 
INGERSOLL KALAMAZOO ’ nd aaah YORK ommercial, industrial and residen 
T tia air conditioning juipment domesti 


refricge freervers 
efrigerator eezer é rt mobile onditioners: ice 


ing vehicles; guided nm 


rials handling equipment 
iryers water heater: f r ‘ ) ors ck refrigerati 


INGERSOLL PRODUCTS — 1 2 ‘ nd structure aircraft groun 


farm implement part j ’ y r a guided missile airframe tru t Yor 


| BORG-WARNER CORPORATION 
| sneoucron | 200 S. Michigan Ave. * Chicago 4, Illinois 





< CIRCLE 292 READER SERVICE CARD CIRCLE 293 READER SERVICE CARD £25 


POWER TRANSMISSION | ES 
4 oa 
| i 


FOR REMOTE CONTROL FOR POWER DRIVE 


(diameters from .117" to .437”’) (diameters from .043” to .750"’) 


cHibiee FLEXIBLE SHAFTS 


An S.S.WHITE FLEXIBLE SHAFT is the simplest, most economical way to transmit power 
or remote control between two points. 


USES OF FLEXIBLE SHAFTS 
Power Transmission—To transmit power around 
turns ... and where design or space prob- 
lems make a direct connection impractical. 

















Remote Control — To operate mechanically 

manipulated elements from a remote point 

. . regardless of location or obstacles be- 
tween the two points. 











Coupling—To transmit power or control between parts INSIDE a piece of equipment. 


ADVANTAGES OF S.S.WHITE FLEXIBLE SHAFTS 
Simplicity—A single, self-contained element means FEWER PARTS, EASY ASSEMBLY, LOWER 
PRODUCTION TIME AND COSTS ... EASY SERVICING, LESS MAINTENANCE! 


Design Improvement—Place driving member, and driven or controlled parts, WHEREVER DE 
SIRED for high efficiency, easy assembly, space saving, convenient operation and servicing 





Economy—ONE FLEXIBLE SHAFT eliminates many parts . . . saves production time and costs 
... eliminates need for accurate alignment of connected parts. 


STANDARD Flexible shafts come in 3-foot lengths, complete with simple couplings designed for ready 
attachment to your engaging parts. CUSTOM-MADE flexible shafts are available in a wide range of sizes 
and characteristics to meet any need. 


ENGINEERING SERVICE in helping you work out application details is yours for the asking. No ob- 
ligation ... all data held in strict confidence. 


Write for free, informative bulletins 
Bulletin 5601—Basic Information and Data on S.S.White Flexible Shafts. 
Bulletin 5801—Complete Information on Standard Flexible Shafts. 


Catalog T-55—S.S.White Flexible Shaft Tools: including carbide burs, abrasive points, disks and wheel 
and diamond tools. 


One, 
- 
THE kWhitec INDUSTRIAL DIVISION 


IN FLEXIBLE SHAFTS / 





Dept. 14, 10 East 40th Street, New York 16, New York e Western Office: 1839 West Pico Blvd., Los Angeles 6, Calif 


<CIRCLE 294 READER SERVICE CARD CIRCLE 295 READER SERVICE CARD E27 





WALDRON POWER LINK COUPLINGS 


Manufacturers of Gear and Pin Type Couplings for more than 40 years. 


WALDRON STANDARD GEAR COUPLING For Strength— 


Hubs and cover sleeves for sizes 14A through 7A are ma 
chined from tough steel forgings. Hubs are keyed to the 
shafts. The two one-piece cover sleeves function as a single 
rigid unit serving as a Hoating connecting link between the 
hubs. High strength of forgings makes possible a very com 
pact coupling with low rotating inertia 


For Reliability — 


There are no flexible parts to bend or break and the coupling 
ind oil tight. Patented Walflex seal is at the 
lowest possible diameter where centrifugal force 1S le ist 
Clearance between teeth in hubs and sleeve is engineered so 


that an oil wedge always s« parates them, taking the wear 


is dust, moisture 


For Services — 


Assembled rough bore couplings available for prompt cle 
livery from Waldron Factory. Finish bored standard couplings 


shippe 1 to meet customers’ schedules 





In All Popular 
Types and Sizes 


Standard 

space 

Oil Collector 

Mill Motor 

Jordan 

Limited End Float 
Floating Shaft 


Series M 


ew 162 M has unique features for 


f gear couplings. Fitted with r 


taperlock bushings, injection 
relic ved nylon vears 
» lubrication. Hubs machi 
ind steel sleeve omplete 
ear coupling. Shaft 
available it the 


. ‘ 


Francke Pin Type Coupling 


I iddition to compe itin for 
units rovide i 


Cut-Out 
Marine Type 
Heavy Duty 
Shear-Pin 


| or spec ial applic ations the 
standard basic design can be 





prin 
I 


h asily 


alte re d 


requirements 


to 


meet exact 





Weighs 


OTTOSIVE 


Junior Nylon Coupling 


Anchor WALDRON Cut-Out 
Coupling 
r Waldron Ci 
itures of a fe 
ng with the 


ut-Out 


Automatic Cut-Out 


lubrication 
} Y 


joHN WALDRON corporation 


A SUBSIDIARY OF MIDLAND-ROSS CORPORATION 


NEW BRUNSWICK, NEW JERSEY 


Representatives in Principal Cities 
Export Agents — Frazar & Co., New York, N. Y. 
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SPUR GEAR,CLAMP-TYPE HUB INVOLUTE SERRATION 


HELICAL & SPUR 


STANDARD SPUR GEAR CLUSTER DRIVE SHAFT 


TANGENTIALLY CUT WORM GEAR 


SEND FOR GS. technical data, free 
See where and how we mass 
manufacture Small Gearing to unt + t t G &, . it s 
formly fine tolerances. Folder con an impor an De s specia y: 
tains 23 pictures of Small Gears 
visor vice a wet Dune CUSTOM HOBBING! 
and Circular Pitch Tables. Ask for 
your copy on company stationery ; 
You see het 


FRACTIONAL "Oe 
4 ~ 


Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 





SPURS * SPIRALS © MELICALS * BEVELS 
WORM GEARING * RACKS 


* INTERNALS 
* THREAD GRINDING 


G2? Yeu of peculiying in Jnuall Gea ding! 
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HELICAL GEAR 
SPEED REDUCERS 


Speed reductions 
to your own drive 


GEARMOTORS 


Maintain alignment 
with flange-mounted 
NEMA motors. Com 

pact, quiet, oil-tight : : : arrangements C a- 
Sizes to 100 hp : + H pacities to 206 
speeds from 280 down z oe: hp, renios 6. 








PARALLEL SHAFT 
SPEED REDUCERS 


ity, heavy 
Ratios 1 
1 and | 


ver 20M 


For high-« ipac 
shock loads 
MOTOGEARS ore than 300 
ipacities to ¢ 
Permit bracket-mounting of — 
foot-type NEMA motors 
manutacture. Sizes up 
hp, ratios from 6:21 


of any 
to 100 
to ORS: 1 





Whatever you need in power transmission... 


om plete 


ee ee | x SE 


CHAINS AND SPROCKETS 








SILENT CHAIN DRIVES 
Ideal for large 

or small hp, large. 
ratios, high speed 
and limited 
space. Main 

tain better 

than 98% ef 
ficiency 


sizes 


- 


MALLEABLE IRON, PROMAL, STEEL 
CHAINS Complete line of cast, 
combination, forged and fabri 
cated chains plus matching sprock 
ets. Stock sizes 


PRECISION STEEL 
ROLLER CHAINS 
For drives and 
conveyors, avail 
abie in single or 
multiple widths, 


pitch and | 
to 3” double 
pitch. Stock 
sizes up to 
75 hp 


BALL, ROLLER, BABBITTED AND BRONZE BEARINGS 


SELF-ALIGNING BALL AND ROLLER BEARINGS 
deflection or misalignment, compensate for normal inaccura- 
cies Of mounting 


flanged, 


blocks 


are 
solid or split housings 
from 42” to 8’ 


flanged-cartridge, cartridge 


adjust to shaft 


In popular shaft sizes up to I! 
and takeup units 


pillow 


a 


in Va to 3 
BABBITTED AND BRONZE BEARINGS 
Pillow blocks and fl 
available in 15 differ ent type 
shaft sizes 





- — ety ere reer neatattneneansitiaaiiel 























ema ne =e inane ES ae 
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P.1.V. 
VARIABLE 
SPEED DRIVES 











SHAFT-MOUNTED se « 
SPEED REDUCERS “ a». Stepless, instant 


riation through 
complete range 
speeds. 16 types, 
sizes from 

hp and ratios t 
6:1 


Designed to simplify and satisfy 
the majority of speed reduction 
jobs. Made in double and triple 
reductions up to 40 hp 


WORM GEAR 


PEE 2 Ste 
... og stale ~— SSS eee ELECTROFLUID DRIVES 


right angle take-off. Made - é Offer smooth acceleration, overk 
with single, double or heli ae ho tection, shock absorption 
cal gear combinations, ra : 

tios 3.1:1 to 8000:1 





aad pro 
low starting 
current, high starting torque without 
overpowering. Sizes up to 200 hp 








LINK-BELT’s complete line gives you 


flexibility 


. 








FULL FLEXIBILITY is yours when you rely on Link-Belt 
Whether you need a single component or a completely en- 
gineered drive, Link-Belt can fit your design requirements 
COUPLINGS wa : 
Link-Belt standards of quality are built into every com 
Flexible, rigid, compression, ponent—service-proved designs offering longer life 
geared and fluid types avail efficiency that means lower-costs. What's more, pre-inte 
Sete im shen sizes Strom grated designs assure correct mating of all components for 
oe oo om tpathons ay smooth-working efficiency—with no elements under- 01 
over-rated. 
For complete information and literature, call your nearest 
Link-Belt office. 





OTHER LINK-BELT PRODUCTS INCLUDE: cu 
shaft collars in solid or split malleable iron and 
to automatically prevent backward 
elevators gray iron and welded steel p 





POWER TRANSMISSION MACHINERY 
FRICTION 


CLUTCHES LINK-BELT COMPANY: Executive Offices, Dept. 58-PEDD, Prudential Plaza, 

Chicago 1. To Serve Industry There Are Link-Beit Plants, Sales Offices 
New design, especially suited where smooth, gradual 5 ore Sees Eaeare mane prages gad gg eee in Fa Principal 
sicku a requisite. Available in 3 types wit apacitie ities xport fhee, New or ; anada, Scarboro (Toronto 134); 
te 10190 — . — pes with capacities Australia, Marrickville (Sydney); South Africa, Springs; Brazil, Sao Paulo 
aie f Representatives Throughout the World 4.03 


wT 
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aictae citiaiiel | 
WORM GEAR TYPE ~ 


SERIES CB, CT, CV. 


...the most complete line 
of standard models and sizes 
for every design requirement 


[he Winsmith line of conventional and shaft mounted speed reducers 
offers design engineers and speed reducer users the widest range of 
standard models and capacities available from a single source of supply. 


For precise, dependable performance — top operating efficiency at all 
speeds and ratios — maintenance-free durability and overall economy, 
specify Winsmith Speed Reducers for every application from 1/100 


to 85 h.p., in ratios from 1.1:1 to 50,000:1. 


IF YOU HAVE A SPECIAL PROBLEM — consult the Winsmith Representa- 
tive in your area, or write directly to our Engineering Department. 


WORM GEAR REDUCERS 
Single or double reduction models, for service in either 
intermittent or continuous operation. Available with 
right-angle or parallel shafts; worm on top or bottom; 
all worm gear or combined worm and helical 


HELICAL GEAR REDUCERS 
Single reduction, parallel shaft units for 
small ratios. Hardened, accurately 
ground, alloy steel pinion shafts. Cast 
iron gears 


DIFFERENTIAL GEAR REDUCERS 
Winsmith offers a unique, patented type of differential 
gear reducer in which the planetary and secondary gears 
are integrated to form a unified planetary element. Tooth 
alignment is improved because the planetary gears auto- 
matically float into position, thus equalizing load dis- 
tribution. Parts are never increased in number, regardless 
of reduction ratios—from 1.1:1 to 50,000:1—and the 
over-all dimensions of a given size never vary 


Important 
NEW COMPLETE 
ENGINEERING DATA 
AND SELECTION 
INFORMATION 
FOR YOU } 


ms: ie. 
- . 
* 
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CATALOG NO. 165 — One of the most useful tools ever devised 
for design engineers. It contains complete selection information: 
weights, dimensions, parts, ratios and ratings, plus selection factors, 
lubrication charts, character of load tables, and a complete engineer- 
ing section that explains power transmission problems and how 
to solve them 

NEW CATALOG NO. SM-57— A brand-new supplement to 
Catalog No. 155, devoted exclusively to Winsmith’s new Shaft 
Mounted, Worm Gear Speed Reducers. It contains all the same 
type of vitally pertinent information, in condensed form 


WRITE TODAY —on your company letterhead, please — for 
both these catalogs. Together, they are the most authoritative and 
up-to-date compilation of speed reducer information available. 


ay 
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1. DOUBLE REDUCTION 
WORM GEAR TYPE 


ee 


DOUBLE REDUCTION DOUBLE REDUCTION 
WORM AND HELICAL WORM GEAR TYPE 
» GEAR TYPE SERIES CBD, CTD, CVD 2 SINGLE REDUCTION HELICAL 
SERIES CBX, CTX, CVX 


GEAR HORIZONTAL TYPE 


3. TWO SPEED REDUCTION 
WORM AND SPUR GEAR TYPE 


NEW. ..WINSMITH 
SHAFT 
MOUNTED 
WORM GEAR SPEED REDUCERS 


e 3 Sizes — .63 to 8.82 hp 
e Ratio Range — 7'2:1 to 77:1 ; 
e Maximum Output Torque — SERIES “ST” SERIES 


816 to 7678 in. lbs. TORQUE ARM FLANGE MOUNTED 
TYPE TYPE 


» incorporated 
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HOW FLEXIDYNE WORKS | \ 


The ‘dry fluid” in Flexidyne is tiny heat-treated steel shot : 
A measured amount, called the ‘flow charge,” is contained ‘ 
in the housing, which is keyed to the motor shaft. Inside 

the housing is a rotor, free to revolve relative to the housing, 

but connected to the load. 





When the motor is started, centrifugal force throws the 
flow charge to the perimeter of the housing, packing it 
between the housing and the rotor, which transmits power 
to the load. Initial slippage is momentary. Housing and 
rotor become locked together and achieve full load speed 
HOUSING without slip and at 100 efficiency. Overloads on a 150 hp jaw crusher cause 

sudden damage. Here Flexidyne is used to 
minimize this costly trouble. As a bonus, 
it reduces belt wear and replacement. 


ROTOR 


Net 
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FLEXIDYNE 


THE DRY FLUID DRIVE 


OFFERS A NEW APPROACH TO 
DIFFICULT DRIVE PROBLEMS...OPENS 
THE WAY TO MULTIPLE SAVINGS! 





IT IS NO LONGER NECESSARY to accept the destructiveness 
the costliness — of corventional starting in the mechanical trans 
mission of power! Flexidyne changes that. 


LOOK AT YOUR DRIVES! Are you using expensive oversize or 
high torque motors merely to get your loads started? Are you using 
expensive starting equipment? Are you tolerating high demand 
rate? Are your belt maintenance costs high, because of the shock 
of across-the-line starting? 


HOW ABOUT THE MATERIAL YOU PROCESS—wire, paper, 
textiles? Is your output hampered by breakages that you accept 
as ‘normal production’’? Do you burn up clutches in getting your 
loads up to speed? 


FLEXIDYNE—THE DRY-FLUID DRIVE—solves these problems 
and many more! Flexidyne is revolutionary. And so simple! Ott 
the shelf availability. Drives or Couplings. Fractional! to 1000 hp 
Ask your local Dodge Distributor or write us for technica! Bulletin 
be DODGE MANUFACTURING CORPORATION, 1200 Union St, Mishawaka, Ind 
CALL THE TRANSMISSIONEER 
your local Dodge Distributor 


Ask him to show you our new slide 
film on Flexidyne which includes 
interesting case studies of cost DC KE 
saving Flexidyne applications 
Look in the white pages of your 
telephone directory for ‘Dodge 


i ransmissioneer —» of Mishawaka, Ind. 


a 
Flexidyne, accurately set for extra gentle Smooth starting and deft spotting are re- A ball mill drive is a tough one. Flexidyne 
starting, solves the problem of thread quired with this 20-ton crane. Flexidyne not only eases heavy starting shocks her 
breakage on this textile beam warper- accomplishes both—and by so doing saved but eliminates the necessity and the cost « 
vastly multiplying productivity $4,000 in electric controls! an oversize motor 
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The Clamp Screw locks hub to shaft yo is 
; 4% 
for permanent alignment. Hub is 4 , Sam 
, 
locked in one piece so there is no dis ; fd 
tortion as set screw is drawn down é * 
we 
. - 






















fy 4 
s _ 7 st et ol 


The Set Screw locks 


‘anal ane 


Key in place, 


prevents “key d essary 


safety feature 


} = 


In Worthington QD Sheaves these extra 


2 SCREWS MAKE 


Exclusive features of Worthington QD Sheaves... 


EASY ON! Two-piece design lets you install the 


sheave one part at a time. No heavy rim and hub com 


bination to inch into place; the tapered hub slides 
easily on the shaft, is locked by the clamp screw for 
Che Chen 


the sheave rim slides easily into position on the tape‘ 


permanent alignment set screw locks key 


seat of hub because the large end of taper in sheave 


starts engagement with small end of taper on hub 


Heavy hex-head bolts complete the assembly 


EASY OFF! Remove 


two as jack bolts for easy rim removal 


the big pull-up bolts and uss 
To change speed 
it’s simple to mount a larger or smaller sheave on the 
hub which, because of clamp screw iligned 


You « 


remains 


on shaft in install or remove one part at a time. 
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ALWAYS TIGHT! Severe shock or reversing loads 
cannot loosen the sheave. Tightening the pull-up bolts 
locks the S} lit-t ipere d hub to the shaft as tight as if 
the sheaves were integrally cast with shaft. The set 


screw anchors the key in positio 


COMPLETE STOCK! You can get Worthington 


QD sheave stock service anywhere in the U.S. More 


than 350 distributors carry Worthington sheaves and 
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Worthington 
page Multi-\ 
she ive and \ 


Corporation 


Goodyeal 





THE DIFFERENCE | 


Green Seal V-bel 


Drive Manual on how to sel 


belt write 


Harrison 


to 


Section 79-9. Wor 


New lersey 


WORTH 


SERVICE CARD 
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—produced to meet your specifications 
EFFICIENTLY, ECONOMICALLY! 


MASS PRODUCTION ECONOMY—Large or small, you get th: 
benefits of high production rates and big volume output at Fairfield 
—where fine gears are produced to meet your specifications 
EFFICIENTLY, ECONOMICALLY! 

QUALITY PLUS—There is no finer recommendation for the quality 
of the product you sell than to be able to say it is “EQUIPPED 
WITH FAIRFIELD GEARS!” 

DEPENDABLE SOURCE OF SUPPLY—Fairfield is one of America’s 
largest independent producers of precision-made, automotive type 
gears for leading builders of construction, agricultural, industrial 
marine, and automotive equipment 

BACKED BY EXPERIENCE— Unexcelled facilities in an ultramodern 
plant backed by more than thirty-nine years’ experience in pro- 
ducing Spur, Herringbone, Spiral Bevel, Straight Bevel, Hypoid, 
Zerol, Worms and Worm Gears, Splined Shafts, and Differentials 
to customer’s specifications 

ENGINEERING SERVICE—Fairfield engineers are qualified to make 
expert recommendations on your gear production requirements 
Your inquiry will receive prompt attention 


FAIRFIELD 


MANUFACTURING CO. 
2345 S. Concord Rd. Lafayette, Indiana 








Sfine Gears Made to Order 


SPUR GEARS — Straight, netical, and in HYPOID — Sizes trom |'/2” to 28” dia. 


ternal. Sizes from 16 pitch, 1|'/2” dia., to , . ” 
; . — SI l di 
' pitch, 36” die. ZEROL Sizes from 16 pitch, 2 a 


: to | itch, 21” dia. 
ASK FOR HERRINGBONE — (Fellows Type). Sizes : 7 
INTERESTING from 1!/2” to 15”. WORMS & WORM GEARS — Worms to 
ILLUSTRATED SPIRAL BEVEL — Sizes from 16 pitch, 7” ‘# Worm gears to 36° dis. 
BULLETIN 1/2” dia. to 1/2 pitch, 28” dia. SPLINED SHAFTS — Lengths to 72”. 
STRAIGHT BEVEL — Sizes from 16 pitch, DIFFERENTIALS — 10,000 to 300,000 inch 
1'\/>" dia., to 1'/2 pitch, 28” dia. pounds capacity. 


Note: All of the sizes ebove are approximate 
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“Reliability of clutch operation is the 
greatest benefit to our application. WHY? 











Because breakdowns during operations 
in an oil well could cause loss of our in- 
struments and thousands of dollars in 
drilling rig operating expenses. We have 


therefore chosen Wichita 


Clutches for 


the Winch drive of our units. They have 
performed well throughout tests and 


field operations.” 


Wichita Standard 
Air-Tube Disc 
Clutch 


Contact your nearest Wichita Engineer! 


Brehm-lLohner, Inc., Detroit, Michigan 

L. H. Fremont, Cincinnati, Ohio 

W. G. Kerr Company, Pittsburgh, Pa, 

Smith-Keser & Co., Avon, Conn., 
Philadelphia 44, Pa., and New York, N, ¥. 

Frank W. Yarline Co., Chicago, Illinois 

Larry W. McDowell, long Beach, California 

Andrew T. Lobel, Denver, Colorado 

Robert R. King Co., Cleveland, Ohio 

Norman Williams, Houston, Texas 


Allied Transmission Equipment Co 
Kansas City 8, Missouri 

Donald E. Harman, Dallas, Texas 

C. Arthur Weaver, Richmond, Virginio 

Malcolm S. Cone, Memphis, Tennessee 

Dominion Power Press Equipment, Ltd., 
Burlington, Ontario, Canada 

R. E. Kunz, Seattle 4, Wash 

W. G. Ballantyne Co., Portland 4, Ore, 

Bates Sales Co., St. Lovis 1, Mo. 





“For our needs 
a Wichita Cluteh 


KELIABILITT 


say the engineers 


SCHLUMBERGER 
Well Surveying Corp. 





means 


re) 


a POWER TRANSMISSION 


THE HILLIARD LINE OF Clutches and Couplings 
WEDGE-ROLL 


THE NEW OVER-RUNNING CLUTCH 
A new improved type of clutch designed for specific application where 
great torque capacity is needed in a limited space and for high speed 
operation. 
Has all the regular features of over-running clutches plus exception- 
ally low free wheeling resistance and balanced design to result in 
longer service life. The Wedge-Roll Clutch cannot jam or lock in 
reverse even after long wear. 
There are four clutch sizes ranging from 3-1/2” to 7-1/8" diameter and 
from 1.8 to 36 H.P. at 100 RPM. Additional sizes. both larger and 
smaller, are available on special order. 
Ask for the Wedge-Roll Bulletin. 


OVER-RUNNING 


USE: Dual drive, two speed drive or standby drive on boiler stokers, blowers, 
induced or forced draft fans, dry cleaning machines, ventilating fans and similar 
equipment 

Also for ratchet feed on presses or automatic back-stop on conveyors or to permit 
free rotation when the driver slows or stops 


SPECIFICATIONS 
Made in 7 types and 15 standard sizes plus special designs for 
specific installations. 
Smallest standard size—1-13/16" diameter x 1-25/64" shaft length. 
3/8” bore, 1/20 H.P. 100 r.p.m., 31.5 inch pounds torque normal 
rating. 
Largest standard size—25” diameter x 16-7/8”" shaft length 7-15/16” 
maximum bore, 394 H.P. 100 r.p.m. 20694 foot pounds torque normal 
rating. 
Ask for Bulletin 231 for comprehensive data. 


SINGLE REVOLUTION 


USE: Rivet machines, snap fastener machines, shears, staplers, bottling machinery 
cut-off mechanisms n nd feeding equipment, packaging processes or 
wherever controlled intermittent motion is necessary from a continuously rotating 
source of power 


SPECIFICATIONS 

Made in 2 types in 11 standard sizes plus special designs to suit 
particular applications. 
Smallest standard size—1-13/16" diameter x 1-13/16” shaft length, 
3/8” bore, 1/20 H.P. 100 r.pm. 2.6 foot pounds torque normal rating, 
Speed up to 275 r.p.m. under certain conditions. Largest standard size— 
17-1/2" diameter x 17-5/8" shaft length, bore up to 4-15/16", 176 H.P. 

100 r.p.m., 9240 foot pounds torque normal rating. Approximate 
maximum speed 65 r.p.m. Write for Bulletin 239 for further detailed 
information. 


CENTRIFUGAL 
AUTOMATIC CENTRIFUGAL CLUTCH COUPLING 

Improves starting conditions and provides smooth acceleration on 
drives for high inertia equipment; prevents excessive torque trans- 
mission during starting of textile machinery; prevents torsional reson- 
ance on internal combustion engine drives: provides automatic coupling 
on emergency and dual drive systems; provides overload protection and 
has exceptional ability to compensate for all types of misalignment. 
Operating mechanism requires no lubrication. 
Write for Bulletin CE-3 for additional information. 


SLIP 


USE: to protect speed reducers or gear trains against destructive overload, to 
reduce shock in door opening and closing mechanisms, as a safety feature where a 
machine is subject to jamming or to limit the torque of any drive 

Also to provide constant tension with varying speed as in a reeling or winding 
application 


SPECIFICATIONS 

Made in 15 types and 11 sizes. The torque transmission of all slip units 
is adjustable and some models can be adjusted while in operation. 
Smallest clutch (light series}—2-3/8" diameter x 1-3/4" shaft length 
1/2” or 5/8” bore, 9 foot pounds torque maximum capacity. Smallest 
clutch (regular series) 5-3/4" diameter x 4-3/4" shaft length, 3/4", 1” 
or 1-1/4" bore, 38 foot pounds torque capacity. Largest clutch—27’ 
diameter x 31-3/8”" shaft length. bore up to 8” 24600 foot pounds 
torque capacity. 

For complete description, request a copy for Bulletin 300. 


HILLIARD CLUTCHES AND COUPLINGS ARE EXCELLENT FOR ALL CLASSES OF INDUSTRIAL MACHINERY 


ALL ProbUCTS OF THE HILLIARD CORPORATION eLmirA. NEW YORK 
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Teh! McCauley Electro-Magnetic 
pe pe oun fe Tooth Clutch 
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McCauley Industrial Corp. 

















| ES POWER TRANSMISSION 
FOR ALL TYPES, SIZES AND QUANTITIES OF GEARS... 


/ that cut costs 
// improve product quality .. . consult phillie gear 


The reasons for the consistent quality, accuracy, and on-time deliv- 
eries of Phillie Gears are: modern plants with ultra-modern machines ; 
trained gear-making craftsmen; engineers and management who solve 
problems and get things done, plus 66 years experience—that in a nut- 
shell is why you can always specify gears made by Phillie. 

Nothing finer can be said of the product you make than: “It is 
equipped with Gears made by Phillie.” 


SPUR GEARS HYPOID 
Avaia-s up to 3%” C.P.; 150” P.D.; 36” face: Available up to 1 D.P.; 48” P.D 
25.0004 Wt Precision ground tooth up to 23” P.D 
Precision ground tooth up to 71” P.D. ZEROL 
HELICAL Available up to .75 D.P.; 72” P.D 
Available up to 1 D.P.; 150” P.D.; 36” face: Precision ground tooth up to 23” P.D 
25 000# Wt. WORM GEARS . 
, Available up to 4” C.P.; 140” P.D.; 25,0004 Wt 
WORMS 
DOUBLE HELICAL—Split and Staggered Tooth Available up to 12” Pitch Diameter 
Available up to 1 D.P.; 150” P.D.; 48” face; INTERNAL GEARS—Spur 
25,000#% Wt Available up to 1 D.P.; 135” P.D.; 24” face; 
HERRINGBONE—Sykes Continuous Tooth 25,000% Wt 


Available up to 2 D.P.; 60” P.D.; 18” face RACKS i . 
Available up to 1 D.P.; 108” length; 12” face 
STRAIGHT TOOTH BEVEL SPLINES 


Available up to 5" C.P.; 96" P D.; Standard involute and straight sided splines and spe 
Coniflex type up to | D.P.; 35.5” P.D cial splines to specification 

SPIRAL BEVEL Also available are Sprockets, Spiral Gears, Segments, In 
Available up to_.75 D.P.; 72” P.D termittent Gears, Geneva Movements and Non-Metallic 
Precision ground tooth up to 23” P.D gears manufactured to your specifications 


Precision ground tooth up to 71” P.D. 


Pp hiladelphia Send for our 76 page “Gear Book" 66 years experience, plus four modernly equipped 


G-127. Please use your business letter- " epee 
ants are back of every Phillie Gear pr t 
eT Tia! heod when requesting o copy “ y G P oduc 


phillie gear PHILADELPHIA GEAR CORPORATION 





ERIE AVE. &G STREET. PHILADELPHIA 34, PENNA 
Offices in all Principal Cities 
INDUSTRIAL GEARS & SPEED REDUCERS + LIMITORQUE VALVE CONTROLS + FLUID MIXERS + FLEXIBLE COUPLINGS 
Virginia Gear & Machine Corp. e Lynchburg, Va. 
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NEW FROM 


CUCUUTLOUUU 


PHOTOGRAPHED ACTUAL SIZE 
BALL CIRCLE DIAMETER: only %¢ inch 


SMALLEST ball/bearing SCREW OFFERS BIGGEST ANSWER 
TO CRITICAL POSITIONING/CONTROL PROBLEMS 








Another timely development by 
Saginaw ... for imaginative manvu- 
facturers of ultra-precise controls in 
the electrical and electronic fields. 
For Saginaw Miniature b/b Screws 
will solve critical positioning /control 


problems for radar tuners, missile and 


boxes. So precise—you can position 
components within .0005 inch per 
inch of travel. (If application requires, 
lash can be eliminated.) So depend- 
able—you can rely on remarkably 
long service life even in extremely 
adverse environments. 


NUT TRAVELS: When rotary motion is applied to the screw 


the b/b nut glides ciong the oxis of the screw on ro 
ing steel balis, converting rotary force and motion to linea 
force and motion with 4/5 less torque than ocme screws 


rocket guidance and telemetering 
systems, automatic switch-gears, elec- Every day Saginaw's experienced 


tronic machinery controls... plus a engineers are helping more and more 


host of other applications. forward-looking manufacturers to 


gain these advantages of Saginaw ie at Bk 
Miniature b/b Screws. Let them help went 

you plan your application. No obli- ie i 3 
gation. Simply phone or write to the 


address shown below. 


These amazing little fellows are so Ty) 
compact and weigh so little—you weit | 
can save greatly on space and weight. isthe Sy 
So efficient—over 90% —you can 


use much smaller motors and gear 


SCREW TRAVELS: When rotory motion is applied to the 
b /b nut, the screw glides ciong its longitudinal oxis on 
rolling steel balls, converting rotory force and motior 

lineor force and motion with unprecedented efficiency 





LET SAGINAW'S EXPERIENCED ENGINEERS HELP SOLVE YOUR SPECIAL 
APPLICATION PROBLEMS . JUST WRITE OR PHONE US—NO OBLIGATION 


ATO 
Creau” 


(SAGINAW STEERING GEAR DIVISION + GENERAL MOTORS CORPORATION « SAGINAW, MICHIGAN 


ring 
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The Solution To 
Your Clutch Problems 
Is On This Page... 


| eG AGRON BALL BEARING ALL 
PURPOSE CLUTCH... 
By BACKSTOPPING (HOLDBACKS) ulead tes cendaum 2 
long life, is ideal where pr 
BR INDEXING (RATCHETING) over-tuning, oF rapid 
tor Sania 5 t 





BALL BEARING SEALED 
CLUTCH, SERIES 
“—_— oe "GS «=. 


n rr , ry 
orporate me 3 


e dirt and rn 


SLEEVE BEARING 
CLUTCH... 

Formsprag patented clutches are built around the jesigned for n 
sprag principle. Sprags are precision manufac- 
tured wedges which increase efficiency and pro- 
long clutch life. The sprag clutch takes the place 
of old-fashioned roller or ratchet types. Because 
a sprag has greater contact surface than a roller 
bearing against the outside and inside races, a 
Formsprag clutch has increased torque capacity. 
These sprags engage automatically at constantly 
changing contact points and—unlike old-type 
clutches—cannot backlash or slip. This same 
feature prolongs clutch life. Right now Form- 
sprag clutches are serving industry in every field 
from aircraft to business machines. Special 
models available if standard models are not 
suitable in your application. 


“OO C¢ 


SPECIAL PURPOSE BALL 
BEARING CLUTCH 
designed for end-shaft apy 


Basically for index 


SEND FOR LATEST CATALOG 


CIRCLE NO. 312 ON READER SERVICE CARD CLUTCH-COUPLING 


UNITS .. . 

i = rere 
| LARGE BORE 

BACKSTOPS .. . 


4 I for nv 


rs 


MODELS FS-02 AND 
FS-04 ... 

BALL BEARING HIGH SPEED light-duty 

CLUTCH. SERIES “A”... 


nenncesGubessdenennnanenébannansanennessenbnnedieiaminnantemmnbbesenen 


oc t 
wee we ee ee ee ee ee ee ee ee ee ee ee ec 


FORMSPRAG COMPANY 


World’s largest exclusive 23607 HOOVER ROAD, WARREN (DETROIT), MICHIGAN. PHONE: JEfferson 6-5100 


manufacturer of over-running clutches = IN CANADA: RENOLD CHAINS CANADA LIMITED 
Distributors in principal cities x IN UNITED KINGDOM: RENOLD CHAINS LIMITED 
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BAUSH 


FOR ALL INDUST 


POWER TRANSMISSION | ER 


WORM GEARING 


RIAL APPLICATIONS © 
i ee 


MADE TO YOUR SPECIFICA 





a 





Be sure you have the exact gear you want — 
a QUALITY GEAR made to your particular requirements 
— checked 100% for tooth contact, center distance 


and Rockwell Hardness — at the right price too!! 


BAUSH WORMS AND GEARS shown are a product of 
over 500 worm gear hobs we maintain at all times. 
Ranging from sets on 214” center to 28” center, they 
cover up to and including 2” circular pitch. 


YOUR SPECIFIC GEAR NEED CAN BE DESIGNED 
AROUND THESE HOBS ELIMINATING EXPENSIVE 
TOOLING AND DELAY. 








Write for Catalog No. 12A or send ys your prints — 
there is no obligation. 








Product Engineering — Mid-September, 1958 


MACHINE TOOL CO. 


SPRINGFIELD 7, MASSACHUSETTS 


1&2 — Lift Truck 
3 — Bending Roll Drive 


4&5 — For Multiple Spindle 
Lathe 


6&7 — Agitator Drive 


8, 9 & 10 — 2-Speed Lathe Reduction 


13 — Mixing Machine Geor 


CIRCLE 


12 & 13 — Hourgloss Type Worm 
& Wheel 


14 & 15 — Lubrication Pump Drive 


16 & 17 — Feed Drive-Avtomatic 
Machine 


18 & 19 — Cutter Drive-Keywoying 
Machine 
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POWER TRANSMISSION 


FLEXIBLE SHAFTING 
ENABLES YOU TO TRANSFER Catalogs 


POWER OVER, UNDER, AND AROUND 
OBSTACLES ECONOMICALLY & EFFICIENTLY 





and 





Bulletins 
Circle Ess Flexible Shafts of- 


fer economical construction To obtain copies of literature 


and low maintenance costs described below, circle corre- 
sponding number on reader 


for remote control applica- service card. 
tions. Many manufacturers 
reduced expenditures, and (Q-1) Slip Clutches and Couplings 

° ° 3 - SC 2, 4 ] Yepicts Ci 
saved space by using flexible wane Pp. Depts typical 
shafting to eliminate align- clutches and couplings extend life of 
ment problems and ALL gear- machinery. Lists range of sizes and 
ing. For complete information styles. Hilliard Corp., Elmira, N.Y 

i Flexible . 

about Circle Ess (Q-2) Electro Clutches — Catalog 
Shaft assemblies and our 6304-1A, 20 pp. Provides application 
Adapters used with Flexible reference material. Gives examples of 


Shafts write to us on your applications, provides data and speci 


fications on clutches and summarizes 
letterhead. 
© d reneral application information. Sec 


installations Explains how _ slip 


tions on each of six designs furnish 
cutaway perspective drawings, 2-di 
mensional drawings, application notes 
ind specification, and prices on sizes 
ivailable. Transformer and Rectifier 
Div., I-T-E Circuit Breaker Co., 19th 
and Hamilton Sts., Philadelphia 30 

DUAL DRIVE 

ADAPTER 

To drive more than one unit (Q-3) Multispeed Gear Reducer—Bu! 
from the same power source 


and to provide two gear ratios letin 358, 8 pp. Gives 


construction 
from the same power source 


torque Capacities, applications, mount 
ng data and reduction ratios for two 
hasic models. Haxton Gear Co.. 7-1] 


RIGHT ANGLE Main St., East Rockaway, N.Y 
ADAPTER 


To provide a connection for 


flexible shaft control where (9)-4) Maenetic Clutches Bulletin M 
space limitations do not permit 


a conjunction without bending 1IOI-A, 8 pp. Tells how and where 
the shaft into too small a 


et lectrically operated units are used 
Gives dimensions, torque ratings 
power requirements, heat dissipation 
haracteristics, torque buildup and de 
cay time, and suggested control cir 


; cults. Cutaway drawings show opera 
Ask for Bulletin 400 D : . 
tion and construction. Fawick Airflex 


Div., Fawick Corp., 9919 Clinton Rd 
a ° - 


(0-5) Counlines Catalog 140. 8 
4311-13 RAVENSWOOD AVE. « CHICAGO 13, ILL pp. Contes Cate and Cawoms of 
unit used as a centrifugal clutch 


| Rawson Coupling Div.. O. S. Walker 
LOS ANGELES 7, CALIFORNIA | Co., Inc., Worcester 6, Mass 





WEST COAST PLANT: 2404 SO. GRAND AVENUE 
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POWER TRANSMISSION 


if your design calls for CLUTCHES or BRAKES 


MAXITORQ 
electric clutches 


r Drakes 
PROVED design, Floating Disc action is fast and positive, with no 


heating or drag in neutral. Compact, simple, with few moving parts. 
For WET or DRY operation: Electrical operating unit DOES NOT 
REVOLVE; no brushes or slip rings. Use easily replaced standard 
Disc-Pac. Requires no adjustment. Wide range of standard sizes, 
single and double types. All sizes rated 80 watts, operate on 110 
V,A.C., rectified to 90 V,D.C. Other voltages on special order. 























overload 
release clutches 


One of the simplest and most efficient methods of providing a 
DEPENDABLE and easily adjusted overload release on machines 
requiring this safety feature in addition to a clutch. Incorporate all 
the advantages of MAXITORQ Floating Disc design plus automatic 
and complete release upon overload. Proved in service. Available 
in a wide range of sizes. 


WIV 
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standard floating 
disc clutches 


MAXITOR OF AK eS Spoven 


performance in every type of service with the following important 
advantages: compact design with few and sturdy ports . 
floating neutral with no heating or drag . . . positive engagement 
or release with light pressure ... manual assembly and adjustment 
full range of sizes and types... 
supplied as complete, easily installed units. 


full power transmission 


aisc-pac 


The “heart’’ of the SERVICE-PROVED Maxitorq Floating Dise Clutch 
in a compact, assembled unit for those who wish to design and 
build their own clutch mechanisms. Supplied as complete units 
ready for use in 8 diameters 2" to 8", up to 800 ft. Ibs. capacity. 
Also useful as a multiple disc brake or torque limiting device 


Write for complete data and specifications on any or all of the 
above. If you have a problem involving clutch applications, consult 
us. A letter or phone call will receive prompt attention. Dept. PDD 


THE CARLYLE JOHNSON MACHINE COMPANY, MANCHESTER, CONN. 
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DIRECTLY APPLY 
VARIABLE SPEEDS 








LEWELLEN 





COMBINATION PULLEYS 





Motion-controlling Cycledyne 
with variable speeds 


Connect any two shafts— 
incorporate infinitely 
adjustable speed ratios 


Control speed settings 
while running—accurately, 
conveniently. 


Equip for flexible operation— 
compactly, economically. 


SPEED RANGES TO 10:1 
RATINGS TO 15 H.P. 








Handwheel controlled 
Medor Screw Conveyor 





Push Button controlled 
Foote Vari-Mount Reducer 








Chain Shifter controlled 
Falk shaft-mounted Reducer 
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WRITE FOR : 8 * Smee, 


CATALOG 60-8 i. 





MANUFACTURING COMPANY 
Columbus, Indiana 


Distributors In All Industrial Areas In Conede— 
Peerless Engineering Soles, Ltd., Toronto-Montrea! 


Catalogs and Bulletins continued 


(Q-6) Adjustable Speed Drives—Bulle- 
tin GEA-5827A, 8 pp. Discusses in- 
dustrial applications for adjustable 
speed drive. Cites benefits, features, 
standard electrical and performance 
characteristics. General Electric Co., 
Schenectady 5. 


(Q-7) Dry Fluid Drive — Bulletin 
A665, 2 pp. Specs and dimensions of 
fhp drives and couplings, with prices. 
Also selection tables for determining 
size. Dodge Mfg. Corp., Mishawaka, 
Ind. 


(Q-8) Selective Speed Drives—Bulletin 
11-1, Pl, 8 pp. AC motor speed con- 
trol, selective speed drives and their 
advantages, operation and application 
are discussed. Descriptions of several 
drives are included. Century Electric 
Co., 18th & Pine St., St. Louis 3. 


(Q-9) Planetary-Gear Reducers—Cat- 
alog, 8 pp. Discusses advantages of 
gear reducer and describes seven basic 
reducer models covering all horse- 
power requirements. Each model has 
30 different ratios. With dimensional 
drawings and specs for each. Crichton 
Co., 520 Vine St., Johnstown, Penna 


(Q-10) V-Belts and Endless Flat-Cord 
Belts—Catalog, 20 pp. Gives design, 
manufacturing, and selection infor- 
mation and dimensions. Discusses in- 
stallation and maintenance of V-belt 
drive and includes’ informational 
tables. Homestrand, Inc., 9 Addison 
St., Larchmont, N.Y. 


(Q-11) Section V-Belts—Booklet, 6 
pp. Describes and illustrates detach- 
able and adjustable belt. With specs, 
selection tables and dimensional 
drawings. R & J Dick Co., Inc., Box 
388, Passaic, N.J. 


(Q-12) Roller Chain and Sprockets— 
Catalog ARC-5S5A, 52 pp. Construc- 
tion details, specs, selection and de- 
sign data, and characteristics of roller 
chain and sprockets. Includes list 
prices. Atlas Chain & Mfg. Co., West 
Pittston, Penna 


(Q-13) Full-Floating Shaft Couplings 
—Brochure 98, 4 pp. Describes ap- 
plications and types of couplings used 
to connect shafts spaced far apart. 
With photos and schematics. Thomas 
Flexible Coupling Co., Warren, 
Penna 
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Plan for extra savings 
when you design 
power transmission drives 


» «+. remember — 


— STANDARDIZATION PAYS . 








. 


“ 








“Secu 
m4 © & 


STANDARDIZED 


TRANSMISSION When you standardize on BOSTON Gear trans- 
PRODUCTS = mission components, you'll be days and dollars 
ahead in drive design. 


TAPERED BUSHINGS You simplify planning. Select all the parts you 

AND SPROCKETS 
Get CATALOG No. 56 need from one source—the full range of types and 
for complete listings. SPEED REDUCERS sizes listed in the Boston Gear Catalog. 


Includes 50 pages of 
engineering data 
for drive design. 





You save time and expense. Order the parts you 
need from your local Boston Gear Distributor, and 
get off-the-shelf delivery—from stock—at factory 
prices. 

You get top-rated performance. Compare and 
see why cost-wise buyers agree that Boston Gear 
products set the highest quality standards. 

Why wait (and pay more) for parts “made-to- 
order?” Your Boston Gear Distributor is fully 
qualified to help you get the maximum benefits 
from standardization—in lower costs, in simplified 
servicing. Boston Gear Works, 71A Hayward St 
Quincy 71. Massachusetts 


|, iin a es 

For nearest Distributor | 

LOOK UNDER “GLARS } 
io 


"Yellow Pages’ | 






or BOSTO 
YOUR 2 


DISTRIBUTOR 
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Plan now 
to DESIGN 


with National 
Torque 


Converters 


The six sizes and 17 hydravlix 
circuits available in the National 
Torque Converter line permit the 
exact matching of converter to 
prime mover of from 100 to 1000 
hp., and to job. Proper unit can 
be easily selected on chart below; 
find input rpm on horizontal scale, 


Available with or 
without integral 
cooling systems. 











input HP on vertical scale. Diag- 
onal area at point of intersection 
will show size and circuit needed. 
Curves showing torque-speed 
ratio for converter you select are 
available on request. For more 
detailed technical information, 
ask for Bulletin 468. 


Consider these National 
Torque Converter 
features 
Simplicity of Design for 


ease of installation, oper- 
ation and maintenance 


Full Range of Circuit 
Sizes permits exact 
matching to prime mov- 
ers of 100 to 1000 horse 
power 


Top Performance enables 
engine or motor to oper- 
ate at its optimum speed 
deliver maximum 
horsepower constantly 


Reproducible Efficiency 
assures uniform top per- 
formance on every job 


Faster Job Cycles means 
more loads per equipment 
per operator per day 


Unsurpassed Durability 
provides longer service 
life with minimum 
maintenance 


THE NATIONAL SUPPLY COMPANY 


INDUSTRIAL PRODUCTS DIVISION 
Two Gateway Center, Pittsburgh 22, Pa. 


Pace-setters in the progress of industrial power transmission 
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Catalogs and Bulletins continued 


(Q-14) Miniature Clutches, Brakes 

Catalog 957, 28 pp. Covers the com- 
plete line of miniature and subminia 
ture electromagnetic clutches and 
brakes. Included for each type is cut- 
away drawing, engineering data, sche- 
dimensional data, 


formance oscilloscope 


matics, min-per- 
read- 
ings and other technical information 


Also, photos and description of com- 


curves, 


pany facilities. Autotronics, Inc., Rt 
1, Box 812, Florissant, Mo 
(Q-15) Silent Chain Drives—Book 


2425, 88 pp. With engineering data 
and illustrations. Has tables of service 
factors, ratings, chain-length and cen- 
Pre-en 


ter-distance I- 


6- 


computations £ 
neered stock drives are listed in a | 
pp section; a 22-pp section outlines 
procedure for selection of engineered 
drives. Another section on drive com 
widths, 
wheel 


ponents lists available chain 


chain dimensions, 
other 


Prudential 


and wheel 


tolerances, materials and data 
Link-Belt Co., Dept. PR, 


Plaza, Chicago | 


(Q-16) V-Drives 
Contains 


Catalog, 56 pp 
information on fhp units 
drive parts and accessories. Included 
is size data on bushed type and fixed 
bore type cast iron and pressed steel 
V-pulleys, V-belts, refrigeration fans 
and fan pulleys, and V-drive acces- 
sories. Maurey Manufacturing Corp.., 
2915 S. Wabash Ave., Chicago 16, 
iil. 


(Q-17) Standard Gear Sets—Bulletin 
700-C, 16 pp. Drawings for all worms 
and gears, tool charts and ratings for 
gear-set combinations, backlash toler- 
lubrication data and 
factors. Ordering information is given. 
Cone-Drive Gears, Div. Michigan 
Tool Co., 7171 E. McNichols Rd., 
Detroit 12 


inces, service 


(Q-18) Fluid-power Drives—Bulletin 
10600, 32 pp. Explains advantages, 
operation and characteristics of vari 
able, stepless speed transmission. In- 
cludes typical performance 
and block diagrams for various rotary 


curves 


applications. Curves cover speed con- 
trol, synchronous operation of sepa- 
rate drives, reversing operation, con- 
trolled and deceleration, 
hydrodynamic and regenerative brak- 
ing, torque and power, tension and 
torque control, and overload perform- 
ance. Oilgear Co., 1560 W. Pierce 
St., Milwaukee 4 


acceleration 
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POWER TRANSMISSION | 
FRICTION DRIVES 


Nel. | gt | 


Mechanically Actuated Machine Tool Clutches to 100 hp 
| 
| | 
| 
| 


Unbiased 
recommendations 


FRICTION 

















or FLUID 
DRIVES 


Model CL Clutches to 112 hp 





Manual, Air or 


Hydraulic Operation Oil-Actuated Multiple Plate Clutches to 150 hp 











Reduction Gears to 193 hp 








To couple an engine or motor to the 





load, one of the following may be 




















used: a friction clutch, fluid coupling, 






single-stage torque converter or a ‘ wer Take-Offs to 602 
three-stage torque converter. Twin ; 


Disc can furnish you an unbiased re- 





commendation as to which is the best aL 





selection under any given set of cir 
cumstances—for Twin Disc offers all 
four types of drives 


No other company builds the di 





versified line manufactured by Twin 

















Disc. Industrial clutches are offered 
from 2!4 to 36 inches in diameter PO Air Clutches to 1642 hp 
Designed to run wet (in oil) or dry, 


these clutches can be actuated mechan- 





ically, hydraulically or with air 


HORSEPOWER 


HYDRO-SHEAVE® Drives to 50 hp 


am wa )6=ClUraP 
| 


When a fluid drive is necessary or 
preferable, Twin Disc can recommend FLUID DRIVES 
just the right one. Twin Disc offers 
fluid couplings with 1:1 torque ratio 





single-stage torque converters with 
up to 3:1 torque multiplication or 


three-stage torque converters with 





torque ratios up to 6:1. No other man- 





ufacturer builds both three-stage and ’ | 
single-stage torque converters no - 
other manufacturer can offer ali three Single-Stage Torque Converter: to 200 hp 
types of industrial fluid drives! 


Whatever drive—friction or fluid 





is most appropriate for your own par 























ticular application, you'll find it in the 
Twin Disc line. Write for complete 


information 








Fluid Couplings . . . to 750 hp 


Twili 








CLUTCHES AND e/WyoRAUUC DRIVES 




















Three-Stage Torque Converters to 1000 hp 
TWIN DISC CLUTCH COMPANY 


Racine, Wisconsin 
Hydraulic Division, Rockford, Illinois ’ 400 500 600 
HORSEPOWER 
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POWER TRANSMISSION 


Catalogs and Bulletins continued 


for efficiency and econom 
Y d econo Y (Q-19) Electric Brake Applications 


Bulletin GET-2770, 8 pp. Applica 


tions, performance, operation and 
r i Ve characteristics of solenoid-operated 
and magnet-operated brakes. In 


cluded are 16 performance curves 


2 

a 

‘ 

e General Electric Co., Schenectady 5 
/ it with oc 
: 


ei (Q-20) Mechanical Power Transmis- 
sion Equipment—Bulletin 7900-B1P 
12 


pp. Contains selection charts fo 
. heavy-duty, lightweight and junio! 
Cc qains sheaves, V-belts, and variable-speed 


drives. Illustrated with dimensiona 


and sprockets drawings. Worthington Corp., Hart 


son, N.J 


(Q-21) Shaft-Mounted Drives—Bull 
tin 7100, 32 pp. Includes description 
of unit design and construction, sug 
gestions on applications, installatior 
data and selection information. Data 
too, on sheave and belt selection and 
In any drive where maximum effi- accessories. The Falk Corp., Dept 
ciency is essential you will find Acme 255. 3001 W. Canal St.. Milwaukee 
precision roller chain and sprockets 
are readily adaptable. Illustrated 
the left are several drive applications. 
Use Acme Chain drives wherever 
dependable, efficient and economical 
transmission of power between par- of units. With cutaway 
allel shafts is required. Their correct erating information, construction dé 
principle of design provide operating tails. Specifications are tabulated. Dy 
characteristics superior to any other namatic Div., Eaton Mfg. Co., Ken 
means of power transmission. Acme osha, Wis 
Chains and Sprockets deliver Positive 
— Efficient — Economical — Flexible — 
Rugged — and Quiet Power Trans- 
mission. Send your power transmis- 
sion problems to Acme for the right 
solution. 


Oa'vEn 


(Q-22) Magnetic-friction Clutches and 
Brakes—Catalog, 8 pp. Describes linc 
drawings, op 


(Q-23) Stamped Gears—booklet, 
pp. Lists major applications, size 
limits, materials and finishes and illus 
trates typical examples. Information 
includes gear-design suggestions, tips 
for time saving and avoiding crrors in 
‘ 

Write Dept. “8-"for new 100 selection, and basic gear dimension 
page Iliustrated Catalog, in £ ’ 
cluding new engineering sec data. Also, has full description of anti 
tion showing diagrams of 36 

methods of chain driving backlash feature, and gear-tooth form 
ulas and terms. Fastex Div., Illinois 
Tool Works, 195 Algonquin Rd., Des 


Plaines, Ill 


(Q-24) Variable-speed Drive—Bullet 
K-200, 8 pp. Describes constructiot 
and operating characteristics of unit 
With sectional assembly and perform 
ance data. Cleveland Worm & Gear 
Co., 3261 E. 80th St., Cleveland 4 


Call i (Q-25) Speed Reducers, Gears—C ata 
] ; 


:s oJl log, 180 pp. Details of speed re 
Lal 
AC rapt ducers, custom and commercial gears 


MASSACHUSETTS 


i f are given. Sizes, ranges, capacities and 
for Service types available, as well as illustrations 
schematic drawings and specs are in 


COMPLETE LINE OF ROLLER CHAINS AND SPROCKETS « DOUBLE PITCH Con- cluded. Grant Gear Works, Inc.. 154 
VEYOR CHAINS ¢ STAINLESS STEEL CHAINS « CABLE CHAINS « FLEXIBLE 


COUPLINGS + STANDARD AND SPECIAL ATTACHMENTS W. Second St., Boston 27 
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THE FALK CORPORATION ¢ miLWAUKEE 1, WISCONSIN 


Manufacturers of a Complete Line of Quality Gear Drives and Flexible Shaft Couplings for Industry 


Representatives and Distributors in most principal cities 


Falk Standard Gear Drives 


The helical and spiral bevel gears used in Falk gear drives assure highest 
attainable mechanical efficiency — 982% per gear train under full load. 


ALL-MOTOR MOTOREDUCERS Package drives up to 75 hp capacity. 


A Falk All-Motor unit may be used with any 
standard foot-mounted motor within the 
rated capacity of the gear unit. Standard 
output speeds from 1.2 to 520 rpm (with 
1750 rpm motors); ratios as high as 54,000:1 
in semi-standard designs. All-steel construc- 
tion. Integral units also available in the 





range from 1 to 40 hp. 
Ask for Bulletin 3100. 





SHAFT MOUNTED DRIVES 


oe @ 


SMALL SPEED REDUCERS = up to 138 hp. 
4 Concentric Shaft Ratios from 1.5:1 to 
969:1. Max. torque rating at low speed 
shaft: 53,000 Ib-in. Right Angle > 
Ratios from 5:1 to 1459:1. Max. torque rat- 
ing at low speed shaft: 73,000 Ib-in. 
Ask for Bulletin 1105. 





Up to 50 hp. 


Horizontal or Vertical Units 
V-belt or chain connected to prime mover. Single and 
double reduction all-steel units in seven sizes provide 
choice of wide range of output speeds between 420 
and 5 rpm. Maximum torque rating at low speed 
shaft: 31,500 Ib-in. 

Ask for Bulletin 7100. 








LARGE SPEED REDUCERS — up to 3500 hp. 


+ 


Parallel Shaft Right Angle Horizontal Right Angle Vertical 


Falk Flexible Shaft Couplings 
protect the machines they connect. 


STEELFLEX COUPLINGS 


34 sizes coveting a hp 
range from 2 through 
72,000 hp at 100 rpm. 
Torsionally resilient 
grid-groove design 
cushions impact and 
starting loads as much 
as 30% and accom- 
modates reasonable 
degrees of shaft mis- 
alignment which may 
occur between regular 
inspections. 


Ask for Bulletin 4100 


—_ 


BASIC TYPE F for 
9 out of 10 applico- 
tions, horizontal or 
vertical. Also dual- 
purpose designs for 
torque control, brake 
wheel service, pi 
loted shafts, etc 








Up to 3500 hp. Ratio 
range: from 2:1 to 300:1 
Max. catalog torque rat- 
ing at low speed shaft 
1,950,000 Ib-in 

Bulletin 11108. 


HIGH SPEED DRIVES Reducers and increasers. 


Up to 1000 hp. Ratio 
range from 1.5:1 to 515:1 
Max. catalog torque rat- 
ing at low speed shaft: 
569,000 Ib-in. 

Bulletin 2105A. 


<4 Up to 225 hp. 
Maximum rpm — approx. 4500. 
Bulletin 1106. 


Up to 760 hp. Ratio range 
from 6:1 to 430:1. Max 
catalog torque rating at 
low speed shaft: 714,000 
Ib-in. (Shafts up or down.) 
Bulletin 2110B. 


Up to 5000 hp. p 


Maximum rpm — approx. 10,000. 


Bulletin 5105. 





Special 
GEAR DRIVES 


for any application. 
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Special 


HIGH SPEED DRIVES 


. . over 50,000 rpm. 


1958 


PROPULSION DRIVES 


turbine and diesel driven 


AIRFLEX COUPLINGS 


15 sizes covering a 
range from 5 through 
2400 hp at 100 rpm. 
Ideal for applications 
which have irregular 
torque characteristics 
in driving or driven ma- 
chines (internal com- 
bustion engines, com- 
pressors, etc.), 


Ask for Bulletin 8100 


Designed for mount 
ing shaft-to-shaft 
shaft-to-flywheel, or 
shaft-to-flange 


FALK SINGLE HELICAL 
AND HERRINGBONE GEARS 


Designed for any indus- 


trial application. Falk 
exclusive full-depth tooth 
form provides greater 
load-carrying capacity. 
AGMA ratings. 


Diameters up to 18 ft. 
Face Widths up to 6 ft. 


Diametral Pitch — 
¥%, toddp 


Hub or ring gears in 
solid or split designs 


Ask for Engineering 
Reports 6170 & 6171. 


FALK 


Hub Geors 


Ring Gears 


—er 


Mill Pinions 


..@ good name in industry 
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Ey POWER TRANSMISSION 
Catalogs and Bulletins continued 


_ (Q-26) Variable-speed Drives—Bro- 
chure, 8 pp. Illustrates and describes 
® line of drives; gives application and 


S ' = design advantages. Includes large cut- 
Sizes 200-300 Vari-Speed MOTODRIVES away illustration. Sterling Electric Mo- 
"200-300 Size, 1 through 5 hp.; full line, 4 through 40 hp tors, Inc., 5401 Telegraph Rd., Los 

Angeles 22. 


(Q-27) Variable-speed Drive Package 
“CS” tlow—-Vertical "2" tlow—Vertical —Bulletin 1257-1, 4 pp. Describes 
Boe operation and applications of the unit, 
which has no tubes, no_ brushes, 
“WS no commutator. Fidelity Instrument 
as, Corp., 1000 E. Boundary Ave., York, 

: Penna 


(Q-28) Gear Heads and Speed Re- 
ducers—Catalog, 8 pp. Descriptions, 
general specs, dimensional drawings 
and information. Washington Machine 
and Tool Works, Inc., 13111 Wayzata 
Blvd., Minneapolis 26 


(Q-29) Power-transmission Equipment 
TYPICAL MODELS —Catalog 100, 80 pp. Information on 


stock gears, speed reducers, sprockets 
and chains, flexible couplings, univer- 
sal joints, collars and pillow blocks 
Illustrated with photos and dimen- 
sional drawings. Charles Bond Co., 
Gear Div., 617-23 Arch St., Philadel 
phia 6 


j > ve 
bdo. 


rq 


Ay 


(Q-30) Standard Mountings—Bulletin 
750C, 20 pp. Describes all mounting 
assemblies through engineering draw 
ings and tabulated specs. Parts lists 
identify all parts furnished with stand- 
ard worm and gear assembly. Cone- 


The flexible design of these compact new REEVES 


variable speed power packages permits hundreds of 


combinations . . . space-saving, space-fitting stand- Drive Gears, Div. Michigan Tool Co., 


: ie) 


ard assemblies to meet most installation require- 7171 E. MeNichols Rd., Detroit 
ments. All models are available in both ‘“‘C”’ flow 
(Q-31) V-Belt Drive—Manual A661, 
108 pp. Information on selection and 
operation of drives. Descriptive ma 
or triple stages...new disc assemblies permit wider output speed terial made clear with product and 
ranges . . . discs are pre-aligned . . . pre-loaded spring maintains installation photographs. Engineering 
correct belt tension for longer belt wear . . . exclusive “‘close- drawings and exploded views illustrate 
technical sections, which include 
tables for selection, capacities, belt 
speeds, center distances, sheave diam 
eters, and other data. Indexed for 
Complete information on all phases of the versatile 200- reference. Dodge Mfg. Corp., Mish- 
300 sizes Vari-Speed Motodrives is given in new Catalog. awaka, Ind 
Write for your free copy today— Dept. KD32-M571. 


and “‘Z”’ flow styles. 


New increased capacity is built in the reducers—single, double 


grooving”’ lubrication assures free sliding discs . . . new Meter- 
matic system automatically lubricates the motor and variable 
shaft bearings. 


(Q-32) Packaged Speed-control Drives 

Bulletin 20,000, 8 pp. Describes 

basic circuit and modifications avail- 

x E EV t 7 ” U L L EY C 0 M PA » y able. Major components are pictured 


and described. Explains drive features. 


Division of RELIANC Etheintteimeece ° lists and shows typical applications 
with specs. Clark Controller Co., 1146 
Columbus, Indiana FE. 152 St., Cleveland 10 
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MAX HOB RADIUS 


WL’ 


ANGULAR END 
RELIEF 


90° END 


THRUST SHOULDER 
—s ~ ee 


Bulletin 200 has 20 pages crammed with 38 formulae, 
such as the Formula for Class | AGMA Horsepower 
Rating 


P=K.K.K. —— 
mg 


with typical 
enable you to quickly determine the size worm gearset 


Step-by-step instructions, examples, 


you need to meet any horsepower and service required 


You can calculate the bearing loads and sizes 


needed for the worm and gear shafts. 


You can check the worm root stress and gear tooth 


stress. 


Efficiency is charted against helix angle with modi 


fications for required speed so you can quickly 


determine efficiency. 


One quick look at the drawing above will convince 
even the uninitiated that no other worm gearset has so 


WORM GEAR DESIGN... Bulletin #200 


1A 


GEAR THROAT C 











DISTANCE 


GEAR FACE 
ANGLE 





CENTER 


worm f axis 


5 GEAR WIOTH 
AT 0.0 


No other 
simple to design and rate. No other worm gearset will 


many teeth in contact. worm gearser is so 


carry so much load in so little space with so little weight 


Now, Bulletin 200 provides complete design and 
application data on space-saving double-enveloping 
worm gearing. Ask for it without obligation 


CONE-DRIVE GEARS oivision micHiGaNn Toot ComPANY 


7171 E. McNichols Road + 
——— 


\ WORM GEARSETS GEAR SPEED REDUCERS 
Le bes eed 
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ott 


Detroit 12, Michigan + 
. <7 
\ DOUBLE- enverorine | ( 3 DOUBLE-ENVELOPING worm® ee DOUBLE REDUCTION WORM 


= 


Telephone: TWinbrook 1-311! 


* = DOUBLE-ENVELOPING 
is RIGHT ANGLE GEARMOTORS 


E55 


GEAR SPEED REDUCERS “. 
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BEAVER 
BALL SCREWS 


PROVIDE THE ACCURATE 
POSITIONING ESSENTIAL FOR 
NUMERICAL CONTROL 


Beaver Precision ball lead screws 
on all three axes provide the basic 


Catalogs and Bulletins continued 


(Q-33) Small Clutches, Brakes—Bro- 
chure CB-160, 4 pp. Five styles shown 
Special diaphragm is described, illus- 
trated in cutaway drawing. Technical, 
dimensional and selection-data are tab- 
ulated. Simplatrol Products Corp., 24 
Salisbury St., Worcester, Mass 


(Q-34) Double-Enveloping Work 
Gearing—Brochure CD-200, 24 pp 
Engineering formulas and _step-by- 
step instructions for designing and 
applying this gearing to drives of all 
types. Service factors and lubrication 
information are included. Cone-Drive 
Gears, Div. Michigan Tool Co., 7171 





measuring and actuating elements 
which simplify the design of this 
tape controlled milling machine. 

Beaver ball screws move table 
of this Bridgeport Mill in response 
to signals from the Electronic 
Control Systems, Inc. “Digimatic” 


E. McNichols Rd., Detroit 12 


(Q-35) Sealed Gear Pump—Catalog 
sheet TR-57D, 2 pp. Two models de- 
scribed. Internal mechanisms of both 


: models are shown with labeled draw- 

control and are typical of those > 

now in use on numerically con- | ings. Data on discharge rates, speeds, 

trolled machine tools of all types. 7 shaft connections, valves and other 
If it’s numerically controlled, | characteristics are included. Bijur 


tape or card, it is more than likely Lubricating Corp., 151 W. Passaic 
equipped with Beaver ball screws. pom Rochelle Park. NJ 

Our engineers are available to ao pias 
you for consultation — can we help 
you improve the design of your 
equipment? 


_— 


(Q-36) Stock Belt Drives—Catalog T- 
B-58, 68 pp. Engineering information 
on five basic belt pitches. Covers se- 
lection, installation and use of posi- 
tive, lubrication-free drives. Indexed 
Morse Chain Co., Ithaca, N.Y 


- 
\ é 
\ 7 
‘ y 


“es 


—= & 


i 
_ 





(Q-37) Sprocket Chain—Bulletin, 4 
pp. Specification and design data for 
engineered applications in low-torque 
drives, manual controls, timing ele- 
ments, and similar uses. Hodell Chain 
Co., Div. National Screw & Mfg. Co., 
3924 Cooper Ave., Cleveland 3 


if 


rate 


(LCCC. wm “a 








/ 


(Q-38) Power-Transmission Data— 
Handbook, 186 pp. Engineering 
charts, tables and formula to help se- 
lect gears and speed reducers. Gear 
section tabulates dimensions; speed re 
ducer section gives specifications, 
dimensions and mechanical informa 
tion. Also, a section of data and tables 

on decimal equivalents, tangents and 
f tooth proportions for gears. Ohio 
Gear Co., 1333 E. 179th St., Cleve- 


= 

Yeaver land 
Drecision 

i pp. Ranges sizes and types of gears 
. Droducts available. Illustrates production steps 


INC. in manufacturing. Grant Gear Works, 
CLAWSON, MICH. | Inc., 154 W. Second St., Boston 27, 
Massachusetts 


(Q-39) Gears—BErochure PG-100, 6 
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A SPEED REDUCER 
FOR EVERY PURPOSE 


In addition to herringbone reducers, 
Jones speed reducers are available 
in these popular types 


Werm Gear Reducers: A compact, 
dependable, high capacity right 
angle reducer available in a wide 
range of ratios. 


Worm-Helical Reducers: A high effi 
ciency, rugged right angle drive for 
vertical output shaft applications 
Ratios to 350:1 


Special Purpose Reducers: Years of 
enclosed gear drive design and 
manufacturing experience at your 
service where special purpose re 
ducers are required 








Here’s why these design features enable Jones Herring 
bone Gear Speed Reducers to stand up to hard service in 
all industrial applications: 

Precision generated herringbore gearing of rugged heat- 
treated alloy steels gives these reducers the toughness to 
carry heavier loads, provide smoother operation, and give 
longer service life in the most strenuous applications 
Anti-friction bearings, conservatively selected, provide 
continuous accurate gear alignment and maximum effi- 
ciency at all speeds from start to full load. High test alloy 
iron housings mean rigid protection for gears and bearings 
and prevent damaging deflection or distortion. Splash 
lubrication system keeps a continuous supply of oil flowing 


POWER TRANSMISSION | ES 


precision generated 
herringbone gearing. 


Large diameter shafts 
and generous overhung 


Symmetrical design 
and uniform loading. 





ONLY JK SS GIVES vou 


ALL THESE QUALITY FEATURES 
IN THE EXACT SIZE FOR YOUR NEEDS 


Shaft 


to all rotating trouble-free duty 
extensions and joints are effectively sealed to 
and dirt out 

Balanced design and top quality features such as thes« 
spell out savings through low maintenance costs, efficient 
Jones Her 
ringbone Gear Speed Reducers are available in / stand 
ard sizes with mechanical ¢ apacities up to 1950 H.P. and 
wide variety of ratios to permit economical selection of 
the proper unit for each application. To find 
H-R products and services can help you, « 
classified telephone directory for the nearest H-R repr: 
Stamford 


parts, insuring 


Keep Oo | if 


operation, and exceptionally long service life 


out how 


onsult your 


sentative, or contact Hewitt-Robins Conn 


—— — 
assis Ya Séitee = as 


CONVEYOR BELTING AND IDLERS...POWER TRANSMISSION DRIVES 
INDUSTRIAL HOSE...VIBRATING CONVEYORS, SCREENS & SHAKEOUTS 
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at work 
around the world 


This Canadion instollation is typical of the cooperative service 
of Dovid Brown componies oround the world. Write for detoi!: 


... HELPING TO SMOOTH THE WORK 
OF A SMOOTHING PRESS! 


It always matters how you gear a new installation such as this smooth- 
ing press at Rolland Paper Company’s St. Jerome, Quebec mill. Ths 
gear in this case is a David Brown 17” spiral bevel unit — one of many 
used on the new machines by Millspaugh, famous for paper industry 
equipment. 


This modern right angle drive installation can run continuously, hour 
after hour. Its 4 to 1 ratio will transmit 200 hp at 2,000 rpm pinion 
speed — with a high (98% ) efficiency. These compact and sturdy spiral 
bevel gears are made in sizes from 6" to 60" by David Brown Industries 
The popular fan-cooled Radicons are also widely used in the paper in- 
dustry — specified by original equipment manufacturers. They have 
learned Radicon’s ability to withstand extremes of temperature, dust, 
dirt and rain — with initial low cost, and low maintenance. 


Immediate delivery on Radicons 3” to 14” all 


" standard ratios from 5:1 to 60:1. Radicon com 
erg plete drives supplied by all authorized David 
% Brown factory branches and distributors 


(@RVID BROWN, inc. 


999 Beecher Street, San Leandro, California 
6025 Atlantic Bivd., Maywood, California 
1224 S.W. Morrison St., Portland, Oregon 


Now, Eastern Offices — Check Curren issues 


E58 CIRCLE 326 READER SERVICE CARD 





Catalogs and Bulletins continued 


(Q-40) Variable-Speed V-Belts 
Catalog VS-10, 32 pp. Cross-refer- 
ence information on variable speed 
V-belts for every type or make of 
unit. Interchange listings included 
Industrial Div., Dayton Rubber Co., 
Dayton 1, Ohio. 


(Q-41) Double-pitch Chain and 
Sprocket — Catalog 37, 28 pp. Data 
on conveying and double-pitch power 
transmission chain. Standard stock 
chain and attachments are shown with 
charts for correct selection. Diamond 
Chain Co., Inc., 402 Kentucky Ave.., 
Indianapolis 7 


(Q-42) Double-Reduction Speed 
Reducers — Bulletin CD-230, 20 pp. 
Covers 164 standard styles and sizes. 
Selection data includes capacities, 
types and ratios. With dimensional 
drawings. Cone-Drive Gears, Div. 
Michigan Tool Co., 7171 E. Mc- 
Nichols Rd., Detroit 12 


(Q-43) Electric Brakes, Clutches, 
Controls — Catalog Digest WEB 
6292, 8 pp. Characteristics and mode 
of operation. Warner Electric Brake 
& Clutch Co., Beloit, Wis 


(Q-44) Geared Flexible Couplings — 
Book 2775, 12 pp. Gives application 
and selection data for couplings with 
bores to 7 in. and ratings from 24 
to 572 hp at 100 rpm. Bulletin shows 
four basic applications, each in 10 
standard sizes. Link-Belt Co., Dept. 
PR, Prudential Plaza, Chicago 1. 


(Q-45) Shaft-mounted Speed Reduc- 
ers — Catalog SM-5S7, 8 pp. Illus- 
trated booklet discusses weights, di- 
mensions, parts, ratios and ratings, 
and service and selection factors. 
Winsmith, Inc., Springville, N. Y. 


(Q-46) Clutches—Bulletins PSC-100, 
OB-10, SP-20, 8 pp. PSC-100 ex- 
plains advantages of the clutch, illus- 
trates methods of actuation and de- 
scribes typical installations. Details of 
applications, operation and construc- 
tion of standard ball bearing over- 
running clutches and standard sleeve 
and plain bearing over-running 
clutches are given. Mounting arrange- 
ments are explained. With full tables 
of dimensional and engineering data 
and cross-sectional drawings. Curtiss- 
Wright Corp., Marquette Div., 1145 
Galewood Dr., Cleveland 10 
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Rzeppa 
Universal Joints 
always give 100% 
constant velocity 


No matter what the application—aircraft, marine, vehicular or 
industrial, Rzeppa (pronounced “‘Sheppa’’) Constant Velocit) 
Universal Joints operate without chatter or bounce, assure longer 
joint and shaft life through ball-bearing smoothness 

Combining Constant Velocity with higher usable working ang 
Rzeppa Joints have the strength and capacity for heavy-dut 
coupling and drive-line jobs, yet their inbuilt preci- 

sion provides vibration-free performance in the most » 
critical design applications. . 
SEND TODAY for complete performance and - 
engineering 4 _ s on the complete line of 22 eppa on 
Constant Velocity Universal Joints. 


payer 


THE GEAR GRINDING MACHINE ©. 3929 CHRISTOPHER, DETROIT 11 
MICHIGAN «¢ MANUFACTURERS OF: FULLY AUTOMATIC GEAR GRINDING 
MACHINES, DETROIT SCREWMATIC 750 SINGLE SPINDLE SCREW MACHINES 


CCC CEE HERE EEe 
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Simple Bead Belt Drive® Installation Replaces Complex 
Gearing System In Precision Weighing Equipment 
































ertect sy Yi zation between 6 handies and 7 colu $ in number whee 


of the versatility of Bead Belt Drives in transmitting 
synchronization! They get around corners, reach 
cations, operate in tight quarters where conventional gearing systems wo 

Simple, flexible, requiring a minimum of installation—Bead Belt Drives 
offer new design freedom at low cost for a variety of applications. Widely used in business 
television, radio, washers, dryers, scientific apparatus and many 
complete information, write for Bulletin 103 


VOLAND & SONS, Inc. Dept. 103, 32 Relyea Place, New Rochelle, N. Y. 


A dramatic demonstration 


between elements requiring remote 


’ 
inaccessibie k 


© inaace 


juate 


machines others. fF 


Representatives Dynacom Associates, 742 No. Kensington Ave.. La Grange Park, Ill. Fleetwood 2-7426 
6110 No. Berke ey B vd.. Milwaukee 17, Wise. Woodruff 2-8090 
Martin M. Stekert Inc.. 45 West 34th St.. New York |, N. Y. Wisconsin 7-8982 


Minarik Electric Co.. 224 East 3rd St., Los Angeles 13, Calif 
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Designers can now re-consider the 
use of bevel gears—due to the latest 
Gleason coniflex system of bevel 
gear proportions which we em- 
ploy—to minimize gear mount- 
ing problems and for less 
trouble after assembly. Costs 
are less by this method, better 










a 
finishes and smoother gear on 
operations are a result, and = 
because bevel gears are so a 
efficient, they can now be used c 
more extensively than ever < 
before. 2 


We can make bevel gears up to 
3” in diameter with up to 16 di- 
ametral pitch for such products 
as instruments, power tools, dif- 
ferentials, appliances, and fish- 
ing reels. Process bevel gears are 
precision engineered, deliveries 
are prompt. 


wy, Wy 
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Send blue prints or specs for prompt estimates to the 
specialists in the Fine Pitch Field. 
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Catalogs and Bulleuns contunued 


(Q-47) 
Pulleys — 


Automatic Variable 
Bulletin, 8 pp 
drawings, performance curves, dimen 
drawings 


Speed 
Cutaway 
sional and specification 
charts illustrate this bulletin on auto 
matic pulleys for 
speeds with 


Gives operating principles and exclu 


infinitely variable 


constant-speed motors 


sive features. Equipment Engineering 


Co., 2853 Columbus Ave.. Minn 
apolis 

(Q-48) Automatic Variable Speed 
Pulleys—Bulletin C357, 4 pp. Oper 


ational, specification, and dimensional 
data pulleys 
machinery. With 


cross-section drawings. Includes speed 


on for fractional-hp 


dimensional and 
range tables and information on how 
to select the proper pulley 
Co., 
Minneapolis 


Equipment 


Engineering 2853 Columbus 


Ave., 


(Q-49) Standard Flexible Shafts—Bu! 
letin 250, 12 pp. Describes stock units 


for power transmission. Full-scale 
drawings on each size and type, max 
recommended speeds, max operating 


torque (straight and min radius), static 


breaking torque, chart for determin 
ing proper shaft from known speed 
and horsepower. B. W. Elliot Mfg 
Co., Inc., 350 State St., Binghamton 
N.Y 

(Q-50) Pneumatic Friction Clutch 
and Brake Brochure 37-A, 4 pp 
Explains the features of the single 
disk press clutch and the Type K 
clutch and brake. A cutaway illus 
tration shows inner workings of the 
clutch. E. W. Bliss Co., Canton, Ohio 
(Q-51) Transmission Products 


Catalog 914, 88 pp. Descriptive in 


formation with drawings and dimen 
sional 


tables covering a variety of 


shaft collars, couplings, clutches, pil 
low blocks, take-ups, wheel hubs 
gears, holdbacks, chains and sprocket 
wheels. Jeffrey Mfg. Co 


16, Ohio 


Columbus 


(Q-52) Electric 
WEB 6293, 36 
on 


Brakes 


pp. 


Report 
Illustrated report 


electric brake for fail-safe appli 
photos, 


cutaway and schematic diagrams, and 


of 


cations. Includes drawings 


explanation operation, selection 


factors, torque characteristics and 
controls. Warner Electric Brake & 
Clutch Co., Beloit, Wis 
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POWER TRANSMISSION e_3 








Beller Power Transmission Vhitough Beller Gers 


a complete line for every job 


SPEED REDUCERS 









Worm Helical 
Overhead Conveyor Drive 


“HYTOPR"’ 
Helical Worm Gear Drive 


HYGRADE Reducers 


Vertical Double Worm Drive 


duty enclosed drives, incorporat- 


Heavy 
worm and _ helical 


ing precision-made 
gearing for quiet, smooth, long-life opera- 
tion. Single, helical-worm and double 
worm reductions. Available in ratios up 


to 4108:1; capacities up to 260 H.P 
Horizontal Worm Gear Drive 


Vertical Worm-Helical Drives 













Designed for heavy duty 
service where horizontal in 
put and vertical output shafts 
are required. Select from a 
wide range of ratios from 25 
to | through 285 to 1 and 
Capacities HP 
Incorporate improved Foot 
Bros. worm and helical type 
fearing 


up to 128 








These are parallel shaft helical 
gear drives made in capacities to 
1550 H.-P. Available in single 
double, and triple reductions in 
standard ratios from 2.08 to 1 up 
to 360 to 1. Designed for heavy 
duty service and severest operat 
ing conditions. 9 shaft arrange 
ments : 
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LINE.O-POWER Foot Mounted Drive 


LINE O MOTOR Motorized Drive 


Pre 


-Louis Allis GEARMOTOR 





Foote Bros.- 






LINE O POWER Flange Mounted Reducer 


Shaft Mount 
Reducers 


VARI MOUNT Variable Speed Drive 


Foote Bros. LINE-O-POWER Straight Line, Right 
Angle Speed Reducers, Shaft Mount Reducers 
and Motorized Drives incorporate higher capac- 
ity, space-saving Duti-Rated Lifetime Gearing. 
Compact design, extra capacity bearings, high 
thermal capacity, cast housings, assure maximum 


service. Write for special LINI -O-POWER, Shaft 
Mount and MOTORIZED REDUCER Catalogs 


FODIE- BROS. 


Beller Power Niansmission Through Beller Gears 
FOOTE BROS. GEAR AND MACHINE CORPORATION 
4575 Ss ith Wester Boulevard. Ct 7 9 ilhnovrs 
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Catalogs and Bulletins continued (Q-56) Cycling Drive Unit — Bro- 


COUPLINGS F ; : chure, 12 pp. Tells what the motion- 


f (Q-53 Multiple V-belts and V-belt controlling drive unit is, how it is 
wd Drive Standard — Brochure, 32 pp used, basic arrangements, mounting 


> > > ‘ 
POWER Tapes anaes Sh euanes options, and assemblies, with charts 
V-belts and V-belt drives available = and diagrams. Cycledynamics, Inc 


TRANSMISSION for distribution for criticism and com 19025 W. Davison. Detroit 23. Mich. 


ment. American Society of Mechani 
cal Engineers, Standards Dept., 29 W 


Gear-Grip ae 39 St.. New York 18. N. Y. (Q-57) Variable-speed Drives — Cat- 


alog, 8 pp. Features five drive tables 
giving a wide selection of speed ratios, 
The most (Q-54) Variable-speed Drives—Bulle drive-speed ranges and center dis- 
revolutionary tin 1640-BIP, 8 pp. necludes four tances for motors up through 20 hp 
pages of tables on belts applicable Dayton Rubber Co., Dayton, Ohio 


Flexible Coupling to various manufacturers’ belt part 


j number to facilitate reordering, 
Design See ; me x . it in sy sd (Q-58) Reducer and Non-reducer 
somplete listing o -belt sizes, ar 
Development a beg sie , Motors — Bulletin, 12 pp. Lists and 


. an interchange list of the firm’s belts 
ina century! 3 describes 265 standard motors of 


that correspond with other manufac 











various types and sizes. Illustrated with 
turers’ belts. Worthington Corp., 


Harrison, N. J 


© photos and dimensional drawings 


Now avati- Bodine Electric Co., 2254 W. Ohio 


able for sub- St., Chicago 12 

fractional, (Q-55) Gear Motors and Package 

fractional and Drives Booklet DB-3650, 8 pp (Q-59) Roller Chains and Sprockers 
integral H. P. Illustrations of horizontal, vertical Catalog 757, 68 pp. Describes and 


right angle, open, enclosed, explosion- illustrates full stock line. Data on 
os 

proof, a-c and d-c units are accom selecting a stock roller chain drive, 
Ability of rubber 
Fiex-Element to float 
between captive end and output speeds. Westinghouse quired. Diamond Chain Co., Inc., 
fittings distributing ra > » 
load similar to uni- Electric Corp., P. O. Box 2099, Dept. 443, 402 Kentucky Ave., In 
veral joint action 


panied by respective reduction ratios establishing service horsepower re 


Pittsburgh 30, Pa dianapolis 7, Ind 
* Load Ranges—1 12 H.P. through 30 H.P . 


¢ Shaft Sizes—', through 17% 


+ Specified exact length to design require 
ments per series 


———Err If lo S. ° 
Dyna-line.. . pay = i, 
The finest flexible coupling in single unit > The World’s 


construction—specifically designed for frac- 
a snaicet Ajan Most Complete 


Line of 


FLEXIBLE XIBLE COUPLINGS 


4R aR 


True Flexibility and Torsional Resili- 

ence for quiet, load-plus power trans- 

mission without extreme deflection or 

twist. 

Lengths varied to design specifica- 

tions in each series. 

Load ranges— 1/15 to 12 H.P. 

Shaft sizes — 

3/16” to %”’. 

Lewest 0O.D. ; 

a pe ey AJAX DIHEDRAL AJAX RUBBER- 

city. a - COUPLINGS BRONZE CUSHIONED 
Write for Catalogs and as . COUPLINGS 
Technice! Bulletins —_ LIP AJAX Patented Dihedral tooth 


h hand | d offset Safeguard your machines against 
shape anaies aongvuiar an omse costly shutdowns. Standard of 
industry for 37 years. All types 


and sizes 


misalignment up to 12 degrees 





Write for Ajax Technical Catalogs. Representatives from coast to coast. 





PRODUCTS CORP. 
courune siyisebe AJAX FLEXIBLE COUPLING CO. INC. 
WESTFIELD, NEW YORK 


DEPT. PE-H, 1215 E. SECOND ST. Also manufacturers of Ajax vibrating conveyors, screens and packers. 
MICHIGAN CITY, INDIANA 








CIRCLE 331 READER SERVICE CARD CIRCLE 332 READER SERVICE CARD 
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ATIA 
ATT ENTS 


A PRIME OUTLET FOR 
GOOD PUBLIC RELATIONS 


and a desperately-needed public service 


One of the most effective public relations Council. But the over ten million dollars 


jobs ever accomplished was achieved last 
year by hundreds of companies and individ- 


ual businesses of every size. 


These companies have been helping to 
sustain an advertising campaign that per- 
forms a desperately-needed public service: 
It shows the American people how to drive 
to stay alive. It also portrays the almost 
unbelievable fact that more than 40,000 
men, women and children were killed in 
traffic accidents last year—and tells what to 


do to help stop highway homicide. 
The campaign was prepared by a volunteer 
advertising agency in cooperation with The 


Advertising Council and The National Safety 


worth of time and space which carry the 
messages to the public was contributed by 
media Owners or sponsored by business or- 


ganizations, in the public interest. 


Your own plans may readily permit the 
inclusion of such advertising—both from the 
view of the vital public service it would per- 
form, and the incalculable good will it would 
promote for your name, your company, and 


your product or service. 


To find out how easily your own program 
can tie in with this nationwide effort, and for 
the complete story on who, what, when and 
where. we sincerely invite you to write to The 
National Safety Council, Chicago 11, Illinois. 


Published in cooperation with 
The National Safety ( uncil 
The Advertising 
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MOLDED NYLON FIBERGLASS 
fhp GEAR REDUCERS and 
PULLEYS 


icy...) 
J 
®9 

2a > . 
— 
Gear Reducer 

@ Cut costs Vs or more 
@ Add self-lubrication, impact strength 


@ Chemically resistant, durable, quiet 


FIGURE IT OUT. Compare the cost of these 
molded nylon fiberglass parts with the time and 
labor cost of conventional machined assemblies. 
The answer is obvious. You can easily save 


PLUS FEATURES: 


e variable pitch pulleys 
and gear reducers for 
all fhp applications. 


1/3 (and more!) on fhp motor drive assemblies, 
using Rampe Nylon-Fiberglass Gear Reducers 
and Variable Speed Pulleys 
@ immediate delivery. 

WANT MORE PROOF? Send for catalog data " 
sheets and prices on the complete line of fhp j 

; @ tasily adapted for 
equipment. You'll get results — fast! (All items ily adap 
stocked for immediate shipment 


RAMP E mec. co. 


14915 WOODWORTH AVE., CLEVELAND 10, OHIO 


special needs. 


P tal the w - 
OUT of —_ the vit. 
tir 5 Speed Reducers 


,oc ¥° 


sTOCcK 
eons LINE 


| Flexible Coupling of 

Universal Joints 
Collars 

Pillow Blocks 











@ COLOR CODED COVER MATCHES INSIDE COLORED SECTIONS 

@ SELECTION TABLES PRECEDE EACH PRODUCT LISTING 

@ A WEALTH OF ENGINEERING DATA ON EACH PAGE 

@ FEATURES HP RATINGS FOR ALL COMPONENTS AT VARIOUS SPEEDS 


Get RA Coto g! T DAY nd Distributor or write direct to 
GBR vcieg 10 


CHARLES | aa COMPANY 


The House with the Wheel in the Window 


617-23 ARCH ST. * PHILA. 6 PA. - MArket 7-6600 


E64 CIRCLE 335 READER SERVICE CARD 








the 7 steps in 


PLATE CAM 
DESIGN 


Now available in booklet form, this 
7-part article will guide you all the way 
from deciding cam shape to designing 
cam follower. Contributing to its 
speedy helpfulness are charts and 
equations developed with the aid of 
modern computers. 





Here you will find how to: 
¢ Select profile curves 
and blend them 
Analyze pressure angles 
Decide best radius of curvature 


Evaluate dynamic loads in | 


the system 

Calculate mass moments 

of inertia 

Design cam followers 
Simplify solution polynominal 
cam curves 


This 48-page booklet is priced at 
$1.00 per copy 


Write: Reader Service Department 


PRODUCT ENGINEERING 


330 West 42nd Street 
New York 36, N. Y. 
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An accountant 
save us an idea 
that adds up 


“Td like to be more systematic about 
my personal accounts, our accountant 
remarked. “I wish I hada plan to make 


me save, every single payday.” 


We explained that we have the fin- 
est kind of mechanism for regular sav- 
ings—the plan for buying U.S. Savings 
Bonds through Payroll Savings. But 
she had given us an idea. If she was not 
familiar with our plan, there must be 
many other employees, too, who didn't 


know we have such a system 


We put in a call for our State Savings 
Bond Director. He sparked a com 
pany-wide plan that told our people 
about systematic buying of U.S. Sav- 
ings Bonds. Every person on our pay- 


roll received an application card 


Within days we had the best em 
ployee participation weve enjoyed 
since the mid-forties. It showed that 
people welcome a chance to set up this 
soundest of investment plans. Today 
there are more payroll savers than ever 
before in peace time | ook up yout 
State Director in the phone book on 
write: Savings Bonds Division, U.S 


Treasury Dept., Washington, D. C, 


Product Engineering 


THE U.S. GOVERNMENT DOES NOT PAY FOR THIS ADVERTISEMENT. THE TREASURY DEPARTMENT THANKS, FOR THEIR PATRIOTISM, THE ADVERTISING COUNCIL AND THE DONOR ABOVE 
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CUSTOM-BUILT Power Transmissions 
from Standard FUNK Components 


FUNK Modular Units can be combined in an unlimited 
number of power transmission arrangements, quickly and 
economically—without special engineering costs. Only 3 
standard flanges do the trick—fit practically any unit to 
any machine and any need. You get a custom-made system 

at a production-line price. Our engineering department 
will be glad to work with you 





REVERS-O-MATIC DRIVES 


A single throttle lever changes your direction and speed of 
travel and controls this compact combination of hydraulical- 
ly operated clutch and torque ) 
converter. It’s the simplest 

control yet devised for shuttle 

movement—up and down 

forward and reverse. Smooth, 

instant, positive action—with- 

out shock. Standard flanges 

readily adapt to other com- 

ponents. Ideal for road roll- 


ers, hoists and shovels 





TORQUE RIGHT ANGLE 
CONVERTERS DRIVES 


\ diversified line of \ Available 

ompact short-coupled | ’ heavy duty 

nit Fit SAE hous 4 torque types. M 

nes. Standard flange up wh, right of 
m adapts to an drives asily 


ther Funk uip XY Se ~ idapted 





REVERSING TRANSMISSIONS 


\ rugeec synchronized shitt for tas 
Eliminates bringing machine t 
Pp to change directior Idea 


onveyors and winches 


FOR THE BEST 
SELECTION OF 
SPEED REDUCERS 


© Daka-Pached 
© Pocket Size 


The new Abart Catalog offers 
92-pages of valuable information, 
engineering data, detailed 
drawings and photos. Here is a 
handy and accurate means of 
selecting the exact Abart Speed 
Reducer or Precision-Cut Gear for 
any application—fast, easy to use 


SPEED REDUCERS—75 models to choose from spur 
worm or combination gears single or double reduction 
Ratios up to 10,000 to 1; ratings from 1/50 to 168 hp 


GEARS— Custom-made from any gear material to 
your exact requirements—NO STOCKS. Pitches from 
96 D.P.to 5.7 D.P Request Gear Bulletin 


s or Sample for Prompt Quotation 
Mfrs. of Gears and Speed Reducers 


4824 WEST léth STREET ° CHICAGO 50, ILLINOIS 
CIRCLE 337 READER SERVICE CARD 








STANDARD POWER TAKE-OFFS 
For 50 S and 90 H.P. engines with SAE 
fivhouse housings Standard flanges for 


japt { other equipment. Fast delivery 





GEAR REDUCTION POWER TAKE-OFFS 


$ 4 and ¢ gear centers. For 50 S and 90 
H.P. engines with SAE housings le selection of 
Standard ratios Equipped modular 


or 
flanec 





WRITE FOR CATALOG OF OUR COMPLETE LINE 


FUNK MFG. CO. 


P. O. Box 577-D 


Send Us Your ‘ 
Power Transmission Problems Coffeyville, Kansas 


E66 CIRCLE 336 READER SERVICE CARD 





USE 
THE 
READERS’ 
SERVICE 


CARD 
on pages 18 & 19 








for: 
additional product 
information 


copies of catalogs 


& bulletins 
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MECHANICAL PARTS 
AND DESIGN ANALYSIS 


Flange Design and Gasket Selection 
by E. M. Smoley 


Design of Helical Springs for Minimum Values 
by R. T. Hinkle and |. E. Morse 


Plastic Piston Rings for Nonlubricated Applications 
by Richard D. Taber and Fred A. Robbins 


Bearing Heat and Dissipation Charts 
by H.W. Hamm 


Basic Principles of Mechanical Seals 
by Ted. J. Sniffen 


Fretting-fatigue Failure of Titanium-steel and Steel-steel Joints 
by W. L. Starkey, S. M. Marco and J. A. Collins 


smction J™ 


GENERAL 
ENGINEERING 


METALS 
AND ALLOYS 


NONMETALLIC MATERIALS 
AND FINISHES 


oy. a 
BB. 
2. 
¥ 


FABRICATION AND | 


PRODUCTION PROCESSES 


POWER 


TRANSMISSION © 


MECHANICAL PARTS 


AND DESIGN ANALYSIS [o™ 


FASTENING 
ANO JOINING 


MOTOR, ENGINES © 
AND CONTROLS © 


ELECTRICAL AND © 


ELECTRONIC COMPONENTS 


HYDRAULIC AND 
PNEUMATIC EQUIPMENT 
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Fig. 1—Schematic of gasket and flange assembly. (Upper) Fig. 2—Apparent flange pressure vs actual flange pressure. Design 


flat flange design use gaskets of cork composition, cellulose 
fiber, asbestos fiber, combined with varying proportions of 
rubber. (Lower) grooved flange design use soft compressible 
materials like cork composition or cork and rubber. Mini- 


mum sealing compression should be reached when the 
flanges make metal-to-metal contact completely compressing 


gasket. 


curve permits translation of bolt torques on a joint assembly to 
true gasket loads. Straight line gives actual flange pressure value 
and coincides with the mid-point of the actual flange pressure 
value range. Compression scale is read against flange pressure. 


Flange design and gasket selection 


E. M. SMOLEY, 


Research Physicist Armstrong Cork Company 


Procedure for estimating gasket loads in current flange designs. Mini- 


mum sealing loads for gaskets used for low internal pressures. Com- 


bining gasket and sealing loads to design flange and select gasket. 


IN A GASKETED joint seals are created 
chiefly by compression loads. Re- 
cent research has shown that gaskets 
require certain minimum loads above 
which sealing conditions appear to be 
the general rule. In fact, these mini- 
mum loads may be taken as a crite- 
non of sealability. 

To seal, a gasket must flow into 
flange surface imperfections. There 
must be a conformation or molding 
effect between the gasket and flange 
before a tight seal is achieved. Also, 
many gaskets have open or porous 
Structures through which a confined 
fluid can pass. The openings must 


be closed by 


F2 


compression loading 


before an impervious barrier to a 
sealed fluid is created between the gas 
ket and the flange 

Therefore, the recommended seal- 
ing load for a gasket is the mimimum 
required to affect complete flange con- 
formance to make the flange im- 
pervious. In any flange joint the 
loading should equal or exceed the 


minimum specified for the gasket 


GASKET LOADS 
DEPENDENT 
UPON BOLT TORQUES 


In the design, Fig. 1 finding the 
fiange loads on the gasket are diffi- 
cult. Loads can be estimated from 


known torque settings on the bolts 
There is however, a difference be- 
loads based on _ bolt 


tween flange 


torques and the actual loads on the 
gaskets, because of the frictional 
characteristics of the mating screw 
threads Fig 2 reconciles this differ 
ence, and permits a translation of 
bolt torques on a joint assembly to 
true gasket loads 

Chart is applicable to any gasket 
ind flange assembly design of the 
type, Fig. 1, under consideration, but 
only if certain considerations, Table 
I, are imposed on the design to min- 
imize frictional variations or varia- 


tions in bolt efficiency of the assembly 
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OBTAINING FLANGE LOADS 


In Fig. 2, flange pressures calculated 
from known bolt torques are plotted 
along the vertical scale. These are 
apparent flange pressures. Actual 
flange pressures are plotted along the 
horizontal axis. To calculate an ap- 
parent flange pressure for a particular 
joint assembly, bolt torque is con- 
verted to bolt load as follows: 

T =0.2DI1 

where 7 torque, in.-lb; D nom- 
inal bolt diameter, in.; and bolt 
load, Ib. Having the sum total of all 
bolt loads on a design the load per 
unit area is calculated by dividing the 
total load by the gasket-flange con- 
tact area. The flanges must not distort 
under the bolt loads 

Actual gasket loads will vary with 
bolt efficiency; hence, apparent flange 
pressure can not be related to one 
actual flange pressure value, but to a 
range of values. Lower limit of the 
range is obtained from Fig. 2; upper 
limit is the apparent value. For ex- 
ample, if the apparent value is 1375 
psi, the actual flange pressure falls in 
a range from 400 to 1375 psi. 

By recognizing certain thread con- 
ditions an estimate of the half of the 
range the actual flange pressure is in 
is possible. Rough, dry or slightly 
rusty screw threads, are conducive to 
low bolt efficiencies; consequently, the 
actual gasket loads will be in the lower 
half of the range because much of 
the bolt torque is consumed in over- 
coming thread Oiled and 
threads improve bolt effi- 
ciency and the actual gasket load will 
be in the upper half of the range 


friction 


greased 


MINIMUM 
GASKET SEALING LOADS 


Compression scales, Fig are de- 
signed so that the minimum sealing 


load specified for a gasket, can be 


MECHANICAL PARTS AND DESIGN ANALYSIS 


used in connection with the gasket 
loads. Minimum sealing compression 
for a material is given by the last 
compression value on its compression 
scale. Vertically above this final value 
the minimum actual flange pressure 
for sealing can be found on the actual 
flange pressure scale. For example, 
47% is the minimum compression for 
DC-179; by reading directly 
a minimum of 400 psi actual flange 
pressure is 
compression 

A seal point is a minimum loading 
condition. It must be equaled or ex- 
ceeded. Higher loads will result in 
tighter seals 


above, 


required to get 47% 


If greater loads are im- 
posed than are recommended, no 
harm can be done to the gasket as 
long as loading is distributed uni- 
formly on the surfaces 


GASKET SELECTION 
AND FLANGE DESIGN 


As an aid in selecting gaskets for 
existing flange assemblies the follow- 
followed 
From the bolt torque settings on the 
design and with Fig. 2, the actual 
flange pressure range is found. A 
gasket is selected with seal points less 


ing procedures may be 


than or equal to the lower limit on 
the range of actual flange pressure 
values for the design. This assumes 
that the assembly contains bolts of 
low efficiency, and producing gasket 
loads near the lower limit on the 
range of actual values. However, effi- 
ciencies are usually higher, and the 
flanged assembly will operate above 
the critical sealing load for the gasket 

In design, the problem is to find 
the number of bolts, size, and torque 
setting so that the actual flange loads 
are never less than the sealing mini- 
mum for the gasket. There are three 
general considerations 


1. Assume the flange loading on an 


assembly is to be designed around a 
specific gasket, DC-179, with a mini 
mum sealing compression of 47% 
and a minimum actual flange pres- 
sure of 400 psi. Lower limit on the 
range of actual flange pressure values 
is 400 psi. Design calculations are 
then based on an apparent flange 
pressure of 1375 psi, obtained from 
Fig. 2. If gasket-flange contact area 
is 12 sq in., the total apparent load is 
12 in? x 1375 psi 16,500 Ib 
2. The total apparent load must be 
equally divided among the number of 
bolts selected. Assuming that eight 
44-20 NC mild steel bolts are suffi- 
cient to carry the load without caus- 
ing flange distortion, then each bolt 
must carry 2063 Ib 


1s 


The bolt torque 


0.2DI 

0.2 (0.250) (2063) 
102 in-lb or 9 ft-lb 
(approximately ) 


> 


3. Torque values must not be so 
high that the bolt cannot yield or 
break. If this occurs, the number of 
bolts is increased or the next larger 
bolt size is selected. Table IT gives the 
torque limits for some bolts used in 
the field of low internal pressures 
These limits apply to mild steel 
bolts (0.15 to 0.25% carbon). Harder 
torque values 
Table shows that the 9 lb-ft of torque 
on a %-20 NC mild steel bolt is 
satisfactory and that the eight bolts 


Steels permit higher 


will produce an actual flange pressure 
of no less than 400 psi on the selected 


gasket W hich equ ils 47 compression 


REFERENC! 


Flange Loading in Flange Design ( 
Gasket Selectior by EF. M. Smolev. Re 
search Physicist, Armstrong Cork Con 
Pennsylvania 
presented at the SAE Annual Meeting 
Detroit, Michigan, January 13-17, 1958 


Paper No. 13A 


pany Lancaste! Paper 








Table I—Conditions of Applicability 


1.—Mating screw threads must be free of lock nuts, wrench tight fits and 
various types of plating. 
2.—Bolts must be no softer than mild steel; Aluminum or brass is not accept- 
able. Mild steel bolts threading into cast iron is satisfactory. 
3.—Lock washers or any other device which may give rise to a high coefficient 
of friction between the bolt and flange must not be used. 
4.—Flanges must distribute their bolt loads uniformly over the gasket. 
5.—Bolt sizes can range from 14-20 NC to *4-10 NC. Fine thread series is also 
acceptable. 





Table Il 
Torque for 
Various Bolt Sizes 
size, in Maximum t 

NC 
NC 
» N« 
NC 
s NC 
Ne NC 
%—11 NC 
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MECHANICAL PARTS AND DESIGN ANALYSIS 


From: ASME paper 


Design of 
helical springs 
for 

minimum values 


R. T. HINKLE, 1. E. MORSE, 
Professor Assistant Professor 


Michigan State University 


Equations and graphs presented for selection of a spring index 
that results in minimum weight, length, volume. Also, spring index 


determined for spring with fixed inside or outside diameters. 





Nomenclature 


C ==spring index, D/d 
d wire diameter, in 
D mean coil diameter, in 
D inside coil diameter, in 
D,, outside coil diameter, in. 
ry deflection corresponding to load P, in 
A 8 + clearance, in. (clearance equals the difference between 
the deflection to solid length and the maximum working 
deflection) 
torsional modulus of elasticity, psi 
Wahl factor 
length of spring, in 
number of active coils 
maximum spring load, |b 
number of inactive coils (end coils) 
density of spring wire material (for steel, 0.284 Ib per cu in.) 
maximum allowable shear stress, psi 
strain energy, in.-lb per cu in 
volume occupied by spring, cu in 
weight of spring, Ib 
Gé 


a design constant 
Q(8Pxrr)* 











A COMMON procedure in spring 
design is to assume an allowable 
stress that is based on the material, 
severity of loading, and estimated 
wire size; assume a reasonable spring 
index, then determine the size of the 
spring. If the wire size does not fall 
in the assumed range, a new allow- 
able stress is assumed and the spring 
recalculated. If it is necessary that 
the spring have minimum volume, 
minimum weight, minimum length, a 
specified inside diameter, or specified 
outside diameter, various values of 
spring index, C, are assumed until the 
desired result is obtained 

To obtain the desired result, a long 
and involved trial and error procedure 
is necessary. However, equations can 
be derived for the determination of 
the correct spring index, C, for the 
five conditions listed. Since the equa- 
tions are long, curves have been 
plotted, Fig. 1, to facilitate the se- 
lection of the spring index 

The torsional strain energy in a 
cubic inch of material, in the form of 
a solid circular rod, is 

U 72 /4G l 

When the required strain energy 
and allowable shear stress for a helical 
spring are known, Eq (1) can be 
used to determine the absolute mini- 
mum volume of material, and hence 
the weight that is required. This mini- 
mum weight can never be obtained 
in a coil spring because of the wire 
curvature and direct shear, which are 
accounted for by the Wahl factor 
and the number of inactive end coils 

A spring with a large index C will 
not be appreciably affected by the 
Wahl factor but the per cent weight 
in the end coils may be large. The 
following derivations and final formu 
las relate and minimize the effects 
of end coils and Wahl factor 


MINIMUM WEIGHT 
The weight of a spring is 
W = p(n + Q) (xD) xd?/4 
or 
1W/px? = nCd + QCd 
Ihe design equations for stress and 
deflection are 
T SkPC/xd* or 
d SkPC /ar)* 
and 
RPC %n /Gd or 
Gd / SP ) 
Substituting Eq (4) and (5) into 
Eq (3) and clearing the right-hand 
side of all terms except the variables 


K and C, and differentiating the re- 
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Fig. 1—Design curves for the selection of the spring index for a minimum weight, 
volume, length, or for a spring with specified outside or inside diameter. 


sult with respect to C, and finally set- 
ting dW/dC of the final equation 
equal to zero, the equation for B is 
found to be 
B 4) (¢ K)* [((3C dK/d 
5K) /(KdK /de 6 
The addition of the Wahl factor 
and its derivative into Eq (6) gives the 
final equation for minimum weight 
Any spring that satisfies this equation 
has minimum weight. Fig. 1 shows the 


equation and the plot of the minimum 
weight curve as the heavy middle 


line 


MINIMUM VOLUME 
The space required for 
length of a spring 1s 
\ din + Q) (wd? /4) (¢ l 
Substitution of Eqs (4) and (5) 
into Eq (7), differentiating, setting 


dV/dC=O, the equation for B can 
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be found. The addition of the Wahl 
factor and its differentiation gives the 
final equation for B when equal to 
minimum volume. The positive branch 
of this curve plotted from the equa- 
tion which is asymptotic to the line 
( 4.39 is shown as minimum volume 
in Fig. 1. The negative branch for 
larger values of C has no physical 


meaning 


MINIMUM LENGTH 

Ihe free length of a spring 

I n-+Q)d \ ‘ 

Substituting Eqs (4) and (5) into 
Eq (8), differentiating the result, set 
ting dL /dC=O, the equation for B 
can be found. The addition of the 
Wahl 


gives the final equation for B when 


factor and its differentiation 
equal to minimum length. The graph 
of the equation is plotted as minimum 
length in Fig. 1. The term containing 
A is a constant and becomes zero 
when differentiated, hence a spring 
with a minimum solid length will 
have a minimum length in working 
position 

Example |. Given the following equa 
tions: P=75 Ib O05 m: G=alZ & 
10® psi; r=40,000 psi; Q design 
a spring of minimum weight, volume 
and length. The design constant is 
fy 


OOSPearr\t 


From Fig. 1, the values of 

minimum weight, volume, and length 
are 5.82, 3.8, and 19, respectively 
For minimum weight, using Eqs (4) 


and (5) 


Gd 
RP 
9 5 coils 
The weight, volume, and solid length 
this spring are determined from 
(7), and (8). These values 
are shown in Fig where the spring 
s drawn to scale 
The springs for minimum volume 
ind length are determined in a simi 
lar manner. These springs are also 
shown in Fig. 2. To make a more 
exact comparison of the three springs 
the values were not rounded out as 


would be done in practice 


F5 
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[ Minimum | Minimum | Minimum 
Volume | Weight | Length | 


[Volume V, 238 | 276 | 23.50 
[Weight W,ibs. | 0.35 | 0.31 | a992 
Length L,in 5 05 2.16 0766 
[3.8 | 5.82 119 

0.1875 | 0312 
955 | 0455 
12775 | 6.24 


Design constont 
B=344 


cu.in 


Spring index C 


0.16! 
29.3 
| Outside coil dio.Do, in} 0.775 


|Wire dia d, in 


|No. active coils n 








Minimum volume Minimum weight Minimum length 

Fig. 3—Upper set of curves is for data of Example 2. Lower 
set for Example 1. Points of tangency of the curves are for the 
optimums of the examples. Curves show in general, and exactly 
for these examples, how the volume, weight, and length change 
when values different from the optimum spring index are used. 


Fig. 2—Spring designed for minimum volume, weight, and 


length. Example 1 gives the design data. It is possible that a 
spring designed for maximum values may not be practical. 
A compromise must be made and an index selected which 


gives a spring of practical proportions. 


For this example, the increase in 
weight, volume, and length for dif- 
ferent values of ¢ 
3. The 


actual 


are shown in Fig 
the 
The 


intersect 


ordinate is the ratio of 


value to the optimum 
weight and volume 
at C=—=-4.75. if 
the design of the spring, the weight 


both 


curves 


this value is used in 


and volume will be 5 above 
the optimums 


~ 


Example 2. Given the following: P 
50 lb: a 5 in.: G 
50,000 psi; Q 


12x10° psi 


2; the design constant 


50.000)18 


From Fig. 1, the values of C for 


weight volume are 
For 
and n 

2.18 


minimum and 


11.2 and 4.3 respectively mini- 
mum weight, d=0.179 in 
19.15, giving a spring with D 
in. and L==3.78 in. For 
lume, d=-0.122 in. and n 
ing a spring with D 
[=28.4 in. Fig 
weight 


minimum vo 
231, giv 
0.647 in 


3 shows change in 


and 


and volume for different 
values of ¢ 

[hese examples show that a spring 
volume or 
practical. If the 
spring is not practical the aid 
of Figs. 1 a compromise could 
be made, and a spring index selected 
which gives a practical 
proportions, and fulfills 


Fo 


designed for minimum 


length may not be 
with 


and 3, 


spring of 


also nearly 


the requirement of minimum volume 
or length 

In other cases it is specified that 
the spring fit over a rod or in a hole 
that the 


given inside or 


which requires spring be 


made with a outside 


diameter. If, in addition, to P, 6, G 
and +r, a diameter is specified, there 
is Only one solution 


OUTSIDE DIAMETER 


SPECIFIED 
is fixed, the correspond- 


When D 


ing value of C can be determined as 


follows 


D,=D+d=d(C+1 (SPR) « 1 
; . 


Wahl 


Eq (9) and squaring both sides gives 
DA 
RP 


The graph of this equation is plotted 
as D 


Substituting the factor into 


1115¢ 0.615 
( l 10 


0.867 ¢ 


in Fig. 1 
INSIDE DIAMETER 
SPECIFIED 


When D., is fixed, (¢ 


as tollows 


D. =D uC —-1 (SPxC) 


Wahl 


squaring 


is determined 


Substituting the 
Eq (11) 


gives 


factor 


and both 


The graph for this equation is plotted 
as D; in Fig. 1. 
Example 3. The 
Example 1 are to apply and, in addi- 
the the 


spring is to be 3 in 


na. ; ( x) (40 » ) 
RP 8 75 
From Fig. 1, the corresponding value 
of ¢ 11.2 


conditions given in 


tion, outside diameter of 


This checked 


can be 


Do =d(¢ l 0.246 >in 


In some applications an interme- 


diate load is specified and the maxi- 
mum load is arbitrary. For this prob- 


lem with an assumed value of C, a 


spring with minimum 
the 


made two times as large 


weight is ob- 


tained when maximum load 1s 


as the inter- 
mediate load. For this type of prob- 


load 
termined in this manner before select- 


lem, the maximum can be de- 


ing from Fig. 1 a value of ¢ 
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From: Mechanical Engineering 


Plastic piston rings 


for nonlubricated applications 


RICHARD D. TABER, Design Engineer, Technical Dept. 


FRED A. ROBBINS, Chief Engineer, Piston Ring Dept. 
Koppers Company, Inc. 


Wear rate of ring materials, general material properties, 
specification of plastic rings. Design of rings. 


Applications of seal and wear rings in nonlubricated service. 


Gas and chemical-process compres- materials—Teflon, resin-bonded lam- compatibility with many cylinder 
sors require piston rings and wear inates, epoxy-bonded laminates, and materials in dry operation 

rings that can operate without lubrica- Teflon-bonded laminates—the first of e Chemical inertness for the max 
tion. Present carbon-graphite rings fers the best choice of properties imum number of applications 

are fragile and often subject to exces- e Thermal stability for both low 


sive wear and breakage resulting in MATERIAL REQUIREMENTS 


and high temperature 

shutdown time and overhaul To meet the requirements for the e Strength and flexibility in service 
The number of materials available wide range of operating conditions in ind in handling, combined with 

for operation without lubrication 1s nonlubricated gas compressors and sistance to cold flow under load 

limited. The additional limitation of chemical process compressors, Table e Moisture-absorption freedom 

the material to have sufficient load- I, piston and wear ring materials eliminate swelling and 


carrving ability to wear well further: should have the following properties sional stability 


limits the choice. Of the possible e Wear resistance combined with General mate! 


Table | — Typical Nonlubricated Compressors 





Single-stage, double acting, horizor 

Two-stage, Y-type double-acting 

Multi-stage, double acting high pressure cylin 

Single stage, double acting, vertical 

Multi-stage, double acting horizontal 

Double acting, horizontal 

Multi-stage, double acting 

Two stage, double acting horizonta! ydrocarbons 


Multi-stage, high pressure cylinder Wet hydrogen 
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Table If — General Material Properties 





| | 
| 
| Heat | Strength 
Materia Wear Chemical resistance, and Moisture 
resistance resistance | max temp, F flexibility resistance 
| 


Resin-bonded cotton-fabri Fair Fair 275 Fair Fair 


amunates 


Epoxy-bonded special type Fair to Good Fair 


iminates good 
Carbon-graphite types Good Excellent Poor Good 


Tefion and glass Excellent Excellent Excellent | Excellent 





able III — Wear Tests, Various Materials vs. Cast Iron 


Milligrams weight loss, 1 hr 





70 F Ambient 400 F Ambi« 


Rider Drum 


szaminate-cotton fabric bonded with resin plus 8 8 
graphite 


zaminate-cotton fabric bonded with resin 
molydisulfide 


saminate-asbestos fabric bonded with resin 


-aminate-glass cloth fabric bonded with epoxy 


resin 
Molding—1 carbon graphite 
Molding—2 carbon graphite 
Laminate-glass cloth bonded with Teflon 
Molding—K-30 Teflon glass fibers 


Molding—Tefion /graphite 





cimen at a time 


Table IV — K-30 Material Specification 





operty Method Value 


fensile strength, 73 F, psi ASTM-52 T 3000 min 
Flexural strength, 73 F, psi ASTM-D796-49 T Shall not bre: 
Flexural modulus, 73 F, psi ASTM-D790-49 T 400,000 min 


Hardness, durometer ASTM-D676-49 T 65 
Coeff. of expansion, Avg 
0 to 350 F; dia, in./in./F 30 x 10° 
width, in. /in./F 90 x 10 


Density, Ib/cu in 0.080 min 
Flammability ASTM-D635-44 Nonflammabk 
Color Yellow-green 





of the tested material types are shown MATERIAL 

in Table Il The Teflon-and-glass- WEAR TESTS 

molded material has distinct advantage 

over all the other tested materials Proposed ring materials were tested 
Also, molded materials machine easier for dry-wear under controlled tem 
than laminates, separation in machin perature speed and load conditions 
ng and service need not be con for compatibility with various cylinder 
sidered, and molded types will not materials. A standard size specimen 
swell as laminates do in the presence —the rider—was prepared from the 
of certain gases met in many designs. test material. A load of five lb is 


applied to the rider against a drum 
rotating at 1600 fpm. Wear is deter- 
mined by weight loss in milligrams for 
the rider and drum for a 1 hr test. 

Wear at elevated temperature was 
tested by lowering a furnace hood 
over the rider and drum. After 1 hy 
of testing and a cooling period, rider 
and drum are weighed to determine 
weight loss. 

Results of these tests are shown in 
Table III. Friction between rider and 
drum for carbon-graphite materials at 
400 F was so great that the % hp 
driving motor stalled. Teflon-based 
materials exhibited excellent wear re- 
sistance at both temperatures 

On the basis of the wear tests and 
the general material properties, Teflon- 
glass molded material was selected for 
piston and wear rings for nonlubri- 
cated gas and chemical-process com- 
pressors. Table IV shows the speci- 
fication for K-30 material, a molding 
of Teflon-and-glass fibers 


WEAR TESTS USING 
DIFFERENT DRUM MATERIALS 


Piston and wear rings must be com 
patible with a variety of cylinder 
materials. Table V shows results of 
test run at room temperature for 1 
hr at a constant speed of 1600 fpm 

Less wear is shown with cast iron 
or stainless steel drums than with 
dense chromium-plated drums. Expen- 
sive chromium-plated cylinders, there- 
fore, are probably not required when 
using rings of K-30 material 

Wear between K-30 material and 
aluminum alloy drums is high, but 
leflon-and-glass-molded material can 
wear against aluminum without com- 
plete surface destruction. Bronze wear 
is high, but few cylinders are made of 
this material. Rider wear was low with 
this combination of materials 


TYPES OF PISTON 
AND WEAR RINGS 


Actual tests in nonlubricated com- 
pressors indicate that the two-piece 
sealing-ring design is desirable for 
K-30 material. It consists of a step- 
joint outer ring, and a straight-cut- 
joint inner ring. Outer ring is Teflon- 
ind-glass molded material which is 
compatible with all cylinder materials 
and a metallic inner ring to give the 
necessary tension. Depending on the 
medium to be compressed, the inner 
ring may be cast iron, bronze, or 
stainless steel type of material 
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Fig. 1—Typical wear and piston-ring arrangement for 
nonlubricated compressor with wear-ring support. 


Wear rings of K-30 material may 
be solid, one-piece split, or segmental 
type depending upon piston construc- 
tion. As these wear rings carry part 
of the piston weight, and in effect 
control the wear life, they are usually 
wider than the piston rings. Fig. 1 
shows a typical piston with wear rings 


and piston rings 


DESIGN OF PISTON 
AND WEAR RINGS 

In the design, the high coefficient 
of thermal expansion of the Teflon 
glass molded material must be con 
sidered. In determining proper clear- 
differential 


ances, the expansion 


between the ring and cylinder, and the 


MECHANICAL PARTS AND DESIGN ANALYSIS 






































ring and piston are calculated. Type 
of cylinder and piston material, and 
operating temperature must be known 

In general, the K-30 piston and 
wear rings are designed to fit existing 
piston grooves for interchangeability 
The existing groove depths may be 
such that excessive back clearance 
occurs behind the piston rings. This 
condition should be avoided as inner 
ring breakage may occur! 

If a piston with the proper groove 
depth is not available, a filler ring 
may be used in the bottom of the 
piston-ring groove. Filler rings also 
can be used to reduce the size of 
wear-ring grooves. Fig. 2 shows a de 


sign which reduces groove size 


Table V — Wear Tests, K-30 vs Various Cylinder Materials 





Wear Test Drum Material 


Cast iron 

316 grade stainless steel 
410 grade stainless stee] 
Nitrided 4140 steel 
Dense chromium plat 
AMS 7322A bronze 

319 aluminum alloy 


M377 aluminum alloy 


Wear, milligrams, weight loss 1 hr 


K-30 Rider 


6 
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Fig. 2—Piston ring groove modified to use Teflon-and 
glass-molded material by addition of filler rings. 


MISCELLANEOUS 
APPLICATIONS 


Hydraulic and pneumatic actuators 
operating under hot and poorly lub 
cated conditions offer possibilities 1 
K-30 sealing rings. Compatibility of 
this material with aluminum alloy used 
tor cylinder materials is an advantage 

{_ertain types ol thrust be 
wear bushings may be made 
material permitting the red 
elimination of lubrication 

It is possible to convert ¢ 
lubricated-type compressors t 
without cylinder lubrication. By 
ifying the piston, K-30 we 
piston rings can be used. The 
tages in such a cor 
ple in a compressor 

1) cost of 

) no oil to rer 
which fouls instr 
and 3) the danger 


fire is avoided in 


REFERENCE 
Teflon-Bas 
ricated 

Taber Desigr 
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From: Power 


Bearing heat and 


dissipation charts 


H. W. HAMM, York, Pennsylvania 


C ONVENTIONAI horizontal radial bearings, usually 
babbitted-lined, use an oil film for lubrication. Law of 
viscous flow may be applied to find the energy loss 

H D*®*Ln*?ZD/C)/1.04 X 10 


where: H 
D = shaft diameter, in 
L effective bearing length, in 


energy loss, Btu/hr 


n shaft speed, rpm 
Z = oil viscosity, centipoises 
( clearance, in 
Formula applies only to bearings with speed high 
enough to establish an oil film around the shaft journal 
An oil film is developed when 


Zn/p : 50 

dimensionless bearing constant 

bearing pressure on projected area, psi 

For S, less than 50 the fluid pressure produced in the 
film becomes too small to support the load and so the 
film breaks. This causes boundary lubrication and metal- 
to-metal contact with greatly increased friction. This can 
be tolerated only for very slow’ and intermittent operation. 
Heat of fluid friction in oil-film bearings must be dis- 

sipated to the surrounding air. For oil stability and favor- 
able heat-transfer conditions, the oil temperature should 
be kept in the range of 130 to 150 F. The bearing-housing 
surface offers the greatest resistance to heat transfer. So 
the heat-transfer coefficient depends primarily on bearing 
size, temperature and movement of the surrounding air. 
The formula shows the relations for finding heat dis- 
sipation 

0. 0205y°*A°8A7 

hearing heat dissipation, Btu/hr 

iir velocity, ft/hr 

bearing housing surface, sq ft 


bearing housing surface temperature, | 


ENERGY LOSS IN BEARING 
lhe upper nomogram, Fig, 1, applies to bearings with 
D¢ 1000 and I 1.5D. Allowable oil-film tempera- 
ture is 140 F. To simplify the nomogram the SAE ratings 
for lubricating oils at this temperature are included 


Fi0 


Example: Find the heat generated in the bearing of a 
20 in. shaft that has a D/C of 1000, 1 1.5D, speed of 
500 rpm, when No. 20 SAE oil is used. Bearing pressure, 
P, 200 psi 

From Eg. (2) 


20) (500) /200 
S 50 


hence Fig. 1, upper nomogram, can be used 

Find shaft diameter equal to 20 on right hand scale and 
the shaft speed equal to 500 on second scale from left 
Connect these points and mark the intersection on the 
index line. From this intersection draw a line to 20 on 
SAE scale and project the line to the heat scale to find 
H 58,000 Btu/hr 


BEARING HEAT DISSIPATION 


The lower nomogram, Fig. 2, is used to find heat dis- 
sipation with the thermal conductivity of air equal to 
0.015 Btu/hr/sq ft/F/ft 
Example: Find the heat dissipation of a bearing with an 
oil temperature of 140 F when the room temperature is 
75 F. The bearing housing has 10 sq ft of surface. Air 
flows upward past the bearing at 5000 ft/hr. 

The temperature, A7,, which is the oil-film temperature 
less room temperature is 


AT, 140-75 = 651 


[race from this value vertically down to the curve and 
then horizontally to the AT, scale. Connect the AT, value 
with the bearing housing area, 10 sq ft, on the A scale 
and find the intersection on the index line. From the inter- 
section draw a line to 5000 on the wv scale and project to 
the heat dissipation scale to find H 1000 Btu/hr 

If the heat produced, Fig. 1, upper nomogram, Is 
greater than the heat dissipated, Fig. 2, lower nomogram, 
forced cooling of the bearing must be used 


REFERENCI 

“Energy Loss in Horizontal Bearings’ by H. W. Hamm, 
York, Pennsylvania. Published in Power, Data Sheet No. 287 
May 1956, pp. 103. “Bearing Heat Dissipation” by H. W 
Hamm, York, Pennsylvania. Published in Power, Data Sheet 
No. 301, July 1957, pp. 101 
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Fig. 2—External seal assembly with rotating element outboard 
of the stationary element fixed to the pump casing. 
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Fig. 1.—Internal seal assembly with the rotating element within 
the stuffing box and fixed to the shaft or shaft sleeve. 
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EE ee | 


rom: Power and Fluids 


asic principles 
of 


mechanical seals 


TED J. SNIFFEN, Worthington Corporation 


Basic seal elements, operation, selection and materials. 


STUFFING box leakage has been a 
persistent problem in the application 
of centrifugal pumps to process work. 
Che first solutions were modifications 
with 
the addition of more packing rings, 


of conventional packed boxes 
harder sleeves, and 
This trend 


took another direction with the appli- 


cooling jackets, 


various lubricating devices 


cation of a mechanical device to con- 
trol leakage. The com- 
bined conventional style packing rings 


early seals 
with metallic elements along the basic 
lines of mechanical seals 

Mechanical seals are not the answer 
to all stuffing box problems, but when 
properly applied they can 
marked reduction in pump operating 
and maintenance costs. An under- 
standing of the fundamental functions 


show a 


of the various seal parts is essential to 
successful application. 


Fi2 


BASIC SEAL ELEMENTS 

[he single-type mechanical seal 
consists of a rotating element fixed to 
the shaft or shaft sleeve, and a sta- 
tionary element fixed to the pump 
casing. Adjacent surfaces of these two 
elements in a plane normal to the 
shaft have highly polished faces with 
a low coefficient of friction to permit 
extremely close contact. The other 
parts of the seal provide compensation 
(flexibility) for wear, machining toler- 
ances and deflections, and insure 
sealing at static points between parts 
that have no relative motion with re- 
spect to each other 
the single seal in common use are the 
internal type, Fig. 1, which is mounted 
within the stuffing box, and the ex- 
ternal type, Fig. 2, which is mounted 
with the rotating element at the outer 
portion of the stuffing box 


Iwo versions of 


[here are three 
points, Fig. 3, 


between the stationary 


primary sealing 
in mechanical seals: (1) 
element and 
the casing; (2) between the rotating 
element and the shaft 


and (3) between the adjacent surfaces 


or shaft sleeve; 


of the rotating and stationary elements 

Conventional gaskets, or synthetic 
rubber “O” rings, are generally used 
to stop leakage between the stationary 
element and the Synthetic 
rubber “O” bellows) and 
fluorocarbon 


casing 
rings (or 

(Teflon) 
cups) are most commonly used to stop 
leakage between the rotating element 
and the shaft or shaft sleeve 


wedges (OI 


SEAL OPERATION 
The function of various seal parts 
will show the seal operation, and also 
give the relationship to the successful 
performance of the complete seal 
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Fig. 3—ihe three sealing points in external and internal mechanical seals. 


Flexibility. This compensates for tol- 


erances, wear, deflections, and to 
some extent erratic shaft operation 
Io do this the spring (or springs) 
must be in good shape and free to 
adjust. Seal movement cannot be re- 
stricted, as any members which are 
seated by the spring action must have 
freedom of motion. One of the most 
troublesome problems in seal applica- 
tion is maintaining this freedom when 
the liquid has particles in suspension, 
or has a tendency to deposit crystals 
Another 
source of difficulty comes from mount 


or plate out on seal parts 


ing the seal on a surface that is scored 
or out of round, resulting in erratic 
action or binding. 

Also important to flexibility is the 
proper amount of initial compression 
to provide sufficient seating force for 
parts guided by the springs. Initial 
compression is obtained by following 
the seal manufacturer’s axial dimen- 
sions in setting the seal. Incorrect 


dimensions either cause insufficient 
initial compression, with the danger of 
seal faces popping Open, or excessive 
compression resulting in undue wear 


Correct initial compression is es- 


pecially important with an external 
seal, as this type generally relies solely 
on spring pressure to keep the seal 
faces together. In contrast, in the in- 
ternal type, liquid pressure helps 


Sealing against leakage at static points. 
Whether “O” 
carbon materials are used, they must 


rings, bellows, or fluoro- 


be free from nicks or tears and must 
be properly sized. Remember that 
these parts compensate for machining 
tolerances and clearances between 
separate pleces, and therefore must 
be suited to the mating part dimen 
sionally in order to stop leaks. Also, 
that the 


surface of the shaft or sleeve be in 


it is extremely important 


first-class condition to insure good 
contact at these sealing points, and 
not cause binding 

The stationary element must be at 
right angles to the shaft, meaning that 
the face of the stuffing box must be 
square, the gland material must be 
sufficiently rigid to avoid distortion 
and the gland bolts size and location 
must be adequate to securely position 
The gasket thickness should 


be carefully chosen as unequal com 


the gland 


pression on thick gaskets can cause 
distortions. A nominal maximum ol 


in gasket is desirable 


Sealing between the stationary and 
rotating parts. This point commonly 
known as the “seal faces” 1s the focal 
point of mechanical seal operation 
When the seal faces fail, excessive 
leakage results and the parts must be 
repaired by lapping, for example, o1 
replaced. Initially, the seal faces are 
highly polished and perfectly flat 
During operation, the two parts be 
come “mated” in any irregularities of 


wear [Therefore upon disassembly 
they should either be relapped to the 
original condition or replaced. Satis 
factory sealing action can be main 
tained as long as the faces remain 
in intimate contact and are sufficiently 
smooth to sustain a thin film of liquid 


or lubrication between them 


SEAL SELECTION 
It has been noted that the princ 
sealing effect is obtained by the 
tremely close contact of the two seal 


separated by a thin film o 


faces 
liquid. Thus with mechanical seals the 
nature of the liquid and the pressure 
to be sealed determine the type of 
seal which is best for the job 

With the internal type of seal th 
pressure in the stuffing box tends to 
keep the seal faces together. In the 
simplest seal design the entire pressure 
acts to close the faces This type 1s 
satisfactory as long as the liquid han 
died is able to sustain a thin film 
between the faces under these loadings 
conditions. In other words, as long as 
the liquid is a good lubricant high 
loads on the seal faces are not 
troublesome 

Such seals a1 f the un 
balanced ype g : perien 


indicates 


























L = 


Fig. 4—Area relationships for unbalanced seal construction. 
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Fig. 5—Area relationships for balanced seal construction 


Fi3 








maximum practical stuffing box pres- 
sure for economical service when the 
liquid has lubricating qualities equal 
to, or better than, gasoline. A refine- 
ment of this basic design proportions 
the seal areas so that only a predeter- 
mined percentage of the stuffing box 
pressure becomes load on the seal 
faces. By controlling seal face loading 
these seals, known as balanced seals, 
Fig. 5, make less stringent demands on 
the lubricating qualities of the pumped 
liquid. The balanced seal is a logical 
choice when handling volatile liquids 
or solvents. Balanced seals are widely 
available for working pressures up to 
700 psig, and certain types are usable 
for considerably higher pressures 

An overlapping pressure range ex 
ists between SO and 100 psig in which 
both balanced and unbalanced seals 
ire usable for many applications. The 
choice between the two is usually dic- 
tated by costs or standardization con 
siderations. The unbalanced design is 
best below 50 psig, since this pressure 
represents the lower limit for best 
operation of most balanced seals 

[he identifying characteristic of 
external seals is that the rotating ele 
ment is Outboard of the stationary 
element. In most cases the seal is 
mounted completely outside the stuff- 
ing box, but it is possible to recess the 
unit within the box for special service 
conditions, or when space limitations 
make it necessary. The position of the 
rotating element with respect to the 
Stationary element means that liquid 
pressure acts to separate the faces, 
and with an unbalanced external seal 
the only restraining force comes from 
the spring seal compression. This limits 
the upper pressure limit for this type 
of seal to approximately 30 psig 
Balanced external seals are available 
which are applicable up to 100-150 
psig stuffing box pressure 

The external type of seal is ideally 
Suited to services handling corrosive 
or abrasive materials since the flexible 
members are out of the fluid being 
pumped. This eliminates one major 
source of trouble, and proper choice 
of seal face materials and modifica- 
tions can extend the life of the wearing 
faces to economical limits. Generally, 
the modifications are designed to pro- 
tect the faces against abrasives, and 
the actual arrangement used depends 
on the operating conditions. In these 
situations, field experience is the best 


guide to most satisfactory service 
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SEAL MATERIALS 

Metallic parts for mechanical seals 
should be selected on the same basis 
as other wetted parts. That is, if the 
liquid being pumped dictates stainless 
steel, the seal parts should be of an 
equal or better grade of stainless; 
where all iron or all bronze pumps 
are needed, the seal parts must be 
compatible with the pump parts. Field 
experience plays an important part in 
the evaluation of proper materials 
and the user can benefit from past 
experience of pump and seal manu- 
facturers by 
on the 

[he operating temperature and the 
possibility of chemical attack must be 


giving complete details 


liquid to be sealed 


considered in the selection of synthetic 
materials for seal rings and gaskets 
In general, synthetic rubbers are satis 
factory between 30F and 2001 
synthetic 


in liquids compatible to 


rubber. The incompatible liquids can 
cause deterioration marked by brittle- 
ness, swelling, or complete dissolution 
It is difficult to generalize on the 
liquids which cause these effects, but 


the list, Table I, 


commercial practice 


indicates general 
The temperature 


range for fluorocarbon extends ap- 


proximately from 120 F to 450 
F, and it has been proven that fluoro 
carbon is resistant to attack by prac- 
tically all liquids pumped in industry 

Since fluorocarbon does not have 
the resilient characteristics inherent in 
synthetic rubbers, seals employing this 
material are modified in design to pro- 
vide a positive element to spread the 
fluorocarbon members. This fact, plus 
the higher cost of fluorocarbon, makes 
seals using this material more expen 
sive than the synthetic rubber O ring 
or bellows type. The price factor be 
comes more important in the pressure 
ranges above 90 psig 

Seal face materials are very impor 
tant to 


Numerous 


successful seal application 
combinations are used 
which depend on the severity of serv 
ice and the justifiable cost, ranging 
from the inexpensive general service 
seals, using cast iron and carbon faces, 
to the specialized combinations of 
ceramics, plastics, or high alloy stain- 
less steel types 

Hard-faced stainless steel versus car- 
bon is the combination used for the 
majority of process applications. Seals 
designed especially for corrosive con- 
ditions often use a hardened alloy 
insert for 


corrosion resistance. In 


strongly oxidizing conditions _ that 


would affect carbon, impregnated 
fluorocarbon faces can be substituted 
Seal faces made of special plastics Or 
ceramics are available for corrosive 
conditions detrimental to alloy metal- 
lic parts. 

[he guiding principle in the selec- 
tion of materials is the fact that seal 
faces must permit intimate contact 
and be sufficiently smooth to sustain a 
between 


film of them. Any 


which 


liquid 


operating condition destroys 
this relationship causes trouble and 


indicates need for different methods 


REFERENCI 

Mechanical Seals from A to 7 ’ 
Ted J. Sniffen, Power and Fluids, Winter 
1958, pp. 20-23 
Table I—Suggested Synthetic Material 

for Mechanical Seals 
I Fluorocarbon 
R Synthetic Rubber 


Amin 

Ammonia, anhydr 

Ammonia, aqua 

Ammonium, hydroxid 150 F 


Aromatic fuels 


A RARAAA 


Aromatic fuels 


Butane R 
Carbon tetra 
Creosote 


Diethanolan 


x 


Diethylene gly 
Doctor solution R 
Dowtherm 

Ethane 

Ethylene glyc« F 
Ethylene glyc« 0 F I 
Ethylene oxide : 
Freon OF R 
Freon 
Furfura . 
Gasoline R 
Hydrochlor a 


a % 


Isobutane 

Kerosine 
Monoethanolamin 
Methy! ethy! ketone 
Methanol 


Daz 


AX 


Naphtha 

Nitric acid 

Oakite 

Oleum 

Phenol 

Phosphoric acid 

Propane 

Sodium hydroxide (to 5 200 F 


DADMHAHADA 


Stoddard solvent 


Sulfuric acid 


mH 


Turpentine 
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Fretting-fatigue failure 
of titanium-steel 


an 


Ww. a STARKEY, Associate Professor 


S. M. MARCO, Professor & Chairman 


J. A. COLLINS, Research Associate 


Department of Mechanical Engineering 


The Ohio State University 


Quantitative evaluation 


steel-steel joints 


of the fatigue damage 


caused by fretting titanium against steel. Effects of 


shotpeening and cold-rolling as fretting inhibitors. 


The increasing demand 
strength, light 


for high- 
weight materials has 
caused the development of many new 
engineering materials; one of the 


more important being the titanium 


alloys. Although titanium offers ex- 
cellent possibilities as a high-strength 
lightweight, corrosion-resistant mater- 
ial, serious concern is given to its 
failure by fretting fatigue 

Fretting is the mechanical action 
whereby the originally contacting sur- 
faces of two solid bodies are pressed 
together by a normal force and are 
caused to undergo cyclic relative slid- 
ing motion. But the magnitude of the 
normal force must be great enough 
and the amplitude of the cyclic mo 
tion small enough to cause a signifi- 
cant restriction to the flow of any 
fretting debris away from its origin 

Fretting occurs in machines at in- 
terference fits; bolted, keyed, or riv- 
between 


eted joints; wires In wire 


ropes and flexible shafts; in small- 
amplitude oscillating bearings; between 
leaves of springs; and similar places. 


Fretting often gives rise to addi- 


tional phenomena such as fretting 
corrosion, fretting wear, or fretting 


fatigue. The primary detrimental ef- 
fects of fretting on machine part are 
(1) corrosive surface damage; (2) loss 
of fit; and (3) fatigue failure 

The effects of fretting on the fa 
tigue characteristics of titanium-steel 
joints and also, for purposes of com- 
parison, steel-steel joints have been 
investigated. The materials used in 
the investigation were annealed Ti 
140-A and SAE 4340 steel 


treated to Rockwell C30 


heat- 


TESTING PROGRAM 


rhe testing program involved three 
groups of tests: (1) preliminary ex 
ploratory tests; (2) specimen control 
tests; and (3) the principal tests of 
the investigation. Exploratory tests 


were required to establish suitable 


conditions for defining various inten 
sities of shot-peening, 


and fretting treatments 


cold-rolling, 
Control tests 
were performed to insure that the 
properties and dimensions of speci 
mens were within acceptable limits 

Preliminary tests used some 20 pol 
ished, shot-peened, and Prot-fatigue 
tested specimens to establish two de- 
grees of shot-peening. As compared 
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with polished specimens, the mild 
7 4 


shot-peening produced a n- 


crease in the arithmetic mean endur- 
ance limit of the unfretted titanium 


specimens, while the severe shot 
peening produced an 11.5 increase 


Another group of specimens was 


polished cold-rolled and Prot-fatigue 


tested to establish two degrees ol 


cold-rolling. Compared to polished 


specimens, mild cold-rolling produced 


' 


1] increase in endurance limit 


an 
of untfretted specimens while seve 
cold rolling produced a 25 ncreast 

About 90 steel specimens and 1. 
titanium specimens were polished 
fretted and Prot-fatigue tested to cd 
fine three suitable degrees of fretting 
Fretting conditions were so chose! 
that mild fretting lowered the endu 
ance limit of steel, but severe tretting 
did not induce excessive fretting wea 
or galling of the titanium 


Specimen control tests included ha 
ness tests of specimens and shoes, ten 
sile tests of materials used, recordin 
of ambient humidity and temperat 
during fretting, and extremely acc 
ate measurement Of specimen a! 


shoe dimensions 

















Hardness of all steel shoes and 
specimens was held within the range 
of Rockwell C28 to C32. Titanium 
specimens were machined from an- 
nealed and ground stock as received; 
tensile strength range from 128,000 
to 144,000 psi 

Estimates of mean endurance lim 
its and unbiased standard deviations 
were calculated by approved statisti- 
cal methods. 95% of confidence re- 
gions were established for each im- 
portant set of conditions to provide 
Statistically significant results at the 
0.05 significance level. 

Principal tests included various com- 
binations of four elements: (1) selec- 


tion of the specimen material—titan- 


ium or steel; (2) application of one 
of five surface preparation treatments 

polishing, mild shot-peening, severe 
shot-peening, mild cold-rolling, severe 
cold-rolling; (3) application of one of 
four intensities of fretting—no fretting, 
mild fretting, medium fretting, severe 


fretting; and (4) a Prot fatigue test 


RESULTS AND DISCUSSION 


Results of the principal tests are 
summarized in Table I and Fig. | 
It is apparent from Fig. | that the 
fretting treatments applied to both 
steel and titanium specimens resulted 
in a progressively greater reduction 
in fatigue resistance as the fretting 
treatment was made more severe 
Also, the range of scatter increased 
is the degree of fretting was made 
more severe. 

The application of shot-peening or 
cold-rolling prior to the fretting treat- 
ment resulted in a significant improve- 
ment in the fretting-fatigue resistance 
as measured by Prot failure stress 

Comparing steel with titanium, ti- 
tanium is more sensitive to fretting- 
fatigue than steel even though both 
polished steel and titanium specimens 
exhibit a significant decrease in fa- 
tigue resistance with increased fret 
ting severity. 

Polished titanium specimens under 
each of the various fretting treat- 
ments show an improvement in fret- 
when _ shot- 


peened or cold-rolled. This is caused 


ting-fatigue resistance 
by a layer of surface compressive 
stresses being formed 

Depth and intensity of the com- 
pressive layer are different for vari 
ous cold-working treatments. Subse- 
quent fretting treatments result in the 
formation of stress raisers caused by 


the fretting phenomena. Under the 


Fi6 
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conditions of mild and severe shot- 
peening and severe cold-rolling the 
compressive skin stress field does not 
permit rapid crack propagation and 
consequently the endurance limit of 
the fretted specimens under these con- 
ditions is the same as specimens sub- 
jected to no fretting. 

In mildly cold-rolled specimens the 
compressive surface stresses were ap- 
parently definite 
mitigation of the fretting damage but 
were not of sufficient benefit to elim- 


responsible for a 


inate completely the damage by ar- 
resting crack growth 


CONCLUSIONS 


Results of the investigation indicate 
that systems of stress concentration 
and other effects caused by pit dig- 
contacts, and cyclic 
nominal stress field in the part all 
initiate and propagate 


ging, asperity 


combine to 
cracks 

Cold-rolling and shot-peening pro- 
vide a skin layer of residual compres- 
sive which mitigate crack propagation 
By providing an optimum residual- 
stress field, it appears that fretting- 
fatigue can be reduced. Nitriding and 
flame plating may be beneficial, in 
certain applications, in producing re 
sidual surface compressive stresses 

The trapping of fretting debris is 
an important factor in the later stages 
of fretting. Since most oxides reflect 
a substantial increase in volume com 
pared to the parent metal (1.73 for 
riO., and 2.14 for Fe,O.), the oxide 
debris may result in high local pres- 
sures if trapped in the valleys below 
the asperities. These high pressures 
tend to accelerate the formation and 
propagation of fatigue cracks leading 
to fretting fatigue failure. Any means 
of preventing the formation of debris 
or removing debris as it is formed 
should aid in the mitigation of fret- 
ting failure. However, the formation 
of highly local microscopic packets 
of debris are extremely difficult, if 
not impossible, to prevent 
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MECHANISM OF 
FRETTING PHENOMENA 





When two solid bodies are forced 
together under normal pressure, only 
the high spots or asperities, come 
into contact. Actual area of contact 
is sufficiently small that stresses ex- 
ceeding the yield point of one or both 
substances are induced at the contact- 
ing asperities by small nominal sur- 
face pressure. If fretting conditions 
are present, tangential 
cause tangentiai slip which will also 


forces will 


cause yielding at contacting asperities 

If the fretting environment is air, 
the surfaces of the asperities probably 
coated with chemical com- 
pounds, involving constituents of the 
metal and of the air. If, in addition, 
contaminants, including lubricants, are 


will be 


interposed between the surfaces, it is 
likely that chemical compounds in- 
volving the constituents of the con- 
taminants also will be present 

As the normal and tangential forces 
cause the asperities and the associated 
surface films to be forced together 
under high local pressures in the early 
Stages Of fretting, one or a combina- 
tion of several mechanical, chemical, 
thermal, and other phenomena may 
result. These are: 
|—-Contacting asperities plow 
through each other to cause plastic de- 
formation, possibly producing rough- 
edged furrows, loose particles, or par- 
ticles still attached but nearly dis- 


lodged as loose particles 


2—Contacting asperities plastically 
deform each other and form a me- 
chanical interlock by the mating of 
jagged surfaces through slip at cor- 
responding surface slip planes 

3—Contacting asperities weld to- 
gether though the influence of high 
pressure and temperature 

4—Shear and rupture of asperities 
dislodge particles by deforming fur- 
ther the furrows of previous plowing 

5—Shear and rupture also produce 
free metallic particles by shearing the 
roots of previously mechanically in 
terlocked asperities 

6—Free particles are produced by 
metal 


rupturing from one surface 


fragments which previously were 
transferred to it from the other. 
7—Free or incipiently dislodged 
metallic particles are reattached by 
welding to one or the other surface 
under pressure and temperature 
8—Chemical 
particles, surface contaminants, or the 


atmosphere, are catalyzed by pres- 


reactions involving 
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sure, temperature and material stress 
9—Chemical reactions involving } ge 
. . 1 
particles, surface contaminants, or the yd 
~ BC ne | 
atmosphere occur spontaneously by hy ! rT 
. w > it 
mechanical removal of chemically _— oe ri Tt 
protective coatings. ~“ egett tt tt cs aS 
7. 27 8% gE aE 
10—Chemical reactions are induced o ce: Se. «eo rit ave 
> i ——— - ; 
by forming fine particles, or jagged- J | | | ee ho tail 
% he ® »~ | | 1] | i] 1} i | | 
edge furrows having a large ratio of ji. ck oe ‘tt i 1 | att 
surface to volume S apt? tt tt tll ae nee 
: i. ee we wate 8 iil | 1 | 
11—A constituent of atmosphere iS Se £8 88% 9 rat te 
i +-—_4+—_—_ — T hd 
of contaminant is adsorbed by a dis- [. = ee oe ror on BE 
; : ae tt 1] iit | ag ! i | it 
lodged particle or the surface. . oo oS oe 8 ee kK A oe LS ee os ee 
12—Products of chemical reactions Se eS ee ee eee meee 
are mechanically embedded in one or 
the other surface by pressure. ». , Oe Oa 
13—Products of chemical reactions 11 QP & oi Ja S=s S=2 
attached to one or other surface are ; L ’ ut 
removed to form chemically com- ees : ove gg - sit 
bined particles either by plowing or 
by mechanical-interlock mechanism Fig. 1—Graphical array of test results. Table 1 gives key for symbols. 
As fretting proceeds beyond the 
initial stage, additional mechanisms Table I—Tabular Summary of Test Results 
become important. Normally, fretting Mean Prot ‘ 
occurs in the presence of air and the Failu Standa 
¢ j Samy Stress D atior 
primary particles produced are met- Test Condition Used Designatior S ps ps 
allic oxides. If these oxides are soft 
Non-fretted, polished, SAE 4340 stee NF-P-S ] 8 200 +Se 
and have low shear resistance, they 
may act as solid lubricants. If hard Non-fretted, polished, Ti-140-A titanium NF-P-T ! 80 
and abrasive, they will dig pits into Non-fretted, mildly shot-peened, Ti-140-A titaniur NF-MSP.-1T l 83,100 ¢ 
© mare . - 
the parent metal surfaces Non-fretted, severely shot-peened, Ti-140-A titanium NF-SSP-1 85,700 8 
Under fretting conditions much of 
Non-fretted, mildly cold-rolled, T1-140-A titanium NF-MCR.-1 s 
the debris is trapped in the valleys 
below the asperities. If debris does Non-fretted, severely 1, Ti-140-A titanium NF-SCR 
escape, high flow pressures must be Mildly fretted, polished, SAE rs MF-I ‘ 
induced as the high volume debris : 
7 Medium fretted, polis SAE 4340 st McF-} 8 
is generated 
All of these conditions, together - —— SAE 4340 alte 
with cyclic relative motion of bound Mildly fretted, polished, Ti-140-A titaniur NF-I 
ing surfaces, are conducive to pit - sad waite i hdek tines MeF-I ' ‘ 
forming abrasive action. Such pits 
Ss tted, polis I A tite SF-I 
add to the surface damage and con- 
tribute to corrosion and wea! Mildly fretted, mildly shot-peened, Ti-140-A titat MF-MSP-1 
Also, as fretting proceeds, another oe a a shot-pou Ti-140-A 
phenomena is probably active. The titanium MeF-MSI 
state of stress induced in an asperity Bovarebe Gretend, mslidiiy chot-pecned, T!-140-A 
and in the region around the asperity, titaniun SF-MSI : 
when contact occurs with an asperity —— a eo Sich thie Ti-140-A 
of the mating surface, undoubtedly in titanium MF-SSP-T é 
volves principal stresses of high value a a oe shot-pees ri-140-A 
If a particular asperity continues to titanium McF-SSI 
survive under repeated contacts with Rossiter Secited: atuetie Uinkeon ri-140-A 
one or more asperities of the mating titaniun SF-SSI 
surface, it is apparent that it and its Mildly fretted. mildly cold ri-140-A titas MF-MCR 
surrounding metallic support are sub- 
Medium fretted, mildly i-t i, Ti-140-A 
jected to high-level fatigue stressing serie MeF-MCR.1 6.9 , 
Evidence indicates that such stresses 
J Ss t m I 4 A 
may be much larger than the nominal Mth SF-MCR.1 . : 
stresses in machine parts under typi- 
: Mildly fretted, severely col ed, Ti-1 A 
cal fretting conditions. This high local aiaaioa MF-SCR-1 »3 69 8s8 
stress Of a cyclic nature may be re- 
| he 3 le . Medium fretted, severely i-rolled, T 40-A 
sponsible for the fact that under fret- siieeaian MeF-SCR-1 1.9 8 
ting conditions fatigue cracks are ini- 
1 at | ‘ Severely fretted, severely cold-rolled, Ti-140-A 
. ; —_ 
tiated at low nominal stresses sjeeniens SF-SCR.-1 
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Wavometer test for ball race surface 
finish. One of many checks to assure the 
highest degree of accuracy in New 
Departure precision bearings. 


FOR PRECISION LOCATION... 
PLUS WIDE ADAPTABILITY 


NEW DEPARTURE BALL BEARINGS 


New Departure angular contact ball bearings are available 
in a full range of Extra-Light, Light and Medium Series, to 
all precision specifications. They give the designer a wide 
variety of bore, outside diameter and width relationships 
and mounting methods. 


Made to light, medium and heavy preloads, and ground for 
universal mounting in any of the duplex arrangements or 
separated by spacers of equal length, they assure exact loca- 


. - : Ae ? Checking bearing face flushness under 
tion of shafts or spindles under load conditions of every kind. axial loads, 


For full information, send for free booklets BA and DD on design and application. 


Az c- 


NEVV EPARTURE 
DIVISION OF GENERAL/MOTORS, BRISTOL, CONN. 


NOTHING ROLLS L/KE A BALL 
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REINFORCED 
TEFLON 





C/R now offers you the advantages of reinforced TFE... 
designed, compounded and molded by a single source! 








If your work involves sealing applica @ Resistance to deformation under load — rapidly and accurately. Our new 
tions, you are probably familiar with by a factor of 10 ratory and production tacilita ul 
leflon’’, Tetrafluoroethylene Resin @ Resistance to wear by rotating shafts —by unexcelled ind these facil 
; as much as 500 times hed b rt perience 
Ihe extreme versatility of its chemical matched by our experien 
' ' @ Stiffmess — by a factor of 4-5 nthetic parts to meet the st 
thermal and mechanical properties are I 
, @ Thermal conductivity—by a factor of 5-10 specihcations 
unmatched by any other material on 
the market @ Compressive strength — by a factor of 3-4 C/R Sirvene welcomes th Pp} 
Like < ( . 
@ Hardness — by 10% nity to cooperate with you in the desi 
You may not be, however, fully aware } } , 
‘ ay : ind prod tio ot ellon 
a hich th It is also useful to know that Chicago eregnrcegyags 
ol the degree to which these properties into | flo yackings. | 
; o cosine I I Rawhide is one ol the few fabricator LOrcet I ' I as a 





can be distinctly improved by the use which blends its own Teflon” con iskets, rings, or oth 
of reinforcing inorganic additives, For pounds, assuring constant quality in F ce 

example Leflon” can be blended with batch after batch and permitting com ; te on ¢ 
Inorganics to increase pound formulations to be developed — ia 


*'Tefion” is a DuPont registered trademark 


SIRVENE DIVISION 


CHICAGO RAWHIDE MANUFACTURING COMPANY 
1237 ELSTON AVENUE * CHICAGO 22, ILLINOIS 


es in 55 principe ties. See your eoh ‘ ‘ 
‘ M 


in Conada: Manufactured ond Distributed by Chicago Rawhide Mig { Conoeda 
Brantford to Export Sole eon Internationa re eot Neck, New York 
Other C/R Products: C/R Shaft and End Face Seals * Sirvis-Conpor mechan 


ar page eto a So RAWHIDE 

















Ye Cooperative Research 
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Covers this wide range of products 
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e 14 SHAFT-TYPE OIL SEALS More than 20 simplest dust exclusion to high 
t _—_—_ types, forming thousands of size speed, high-temperature fluid re 
combinations for shafts from 4 tention and foreign matter ex 
; to 50” O.D., are available the clusion under rugged operation 
\ =e majority from stock. These seals where high sealing efficiency 
be, - are used for the vast majority of 1ust be maintained over long 
Vio shaft sealing problems fron service life 
eeeeeeeeooeoooooeooooee — - en 
STANDARD END FACE SEALS For sealing pressures to 500 p.s.i., temper 
problems outside the capabilities tures to 500° F., and peripher: 
f shaft-type seais, C/R End speeds to 15,000 F.P.M. Write fon 
| e Seals are recommende<¢ Bulletin EF-100. 
They require minimum face con OTHER END FACE SEALS 
j essure, create Minimun C/R continues to make spe 
friction, and give unsurpassed End Face Seals for heavy aut) 
Ss ——_ pertor ince under the most applications such is track rollers 
- evere conditions. Available in ind final drives in tanks, track 
: : t| VO series long and short type tractors and similar heavy 
: zo to 4 shaft dian eter dutv machinery where shaft 
é 1itable for internal and external peeds are relatively low 
eee wom ww wwe —-- — eeeeeocoeenn] 
SIRVENE SYNTHETIC RUBBER PRODUCTS and resistance to aging, ten 
The advanced level of compound perature, oils or chemicals 
os Ing al 1 : jogo aston ers ast consistent uniforn ty and 
een oe - R Sirvene Er iality. A typical list of products 
gineers is widely known. The} : ao 
will design, compound and pr ncludes Oll seal packings, dia 
luce a part to your exact spec pnhragms, cups boots, gaskets 
- fications of hardness, elast t name but a few 
saeeeeoonee on eee wwoweewooowoowowownnn= 
C R INDUSTRIAL O-RINGS A fu ge lash numbering system, SAI 
of C/R O-Rings in star Recommended Practice 63 as 
lustrial sizes and cot S ve is the 6227, 6230 and 629 
\ available from es Sé es sizes. Write fo Bullet 
are Keyed to the new u t n OR-57 
i 
a — en 
SIRVIS-CONPOR MECHANICAL LEATHER are insoluble in most hydraulic 
prooucts The range of mechanical s, and compatible with a wide 
eather products includes oil sea ange of oils, solvents and gases 
packings, cups, boots any part C/R Boots of Sirvis leather, car 
wherein high tensile strength, as, nylon or elastomer impreg 
P flexibility, high resistance to nated fabric can be produced 
. pressure, wear, shock and vibra sizes two stories hig} , 
i tion are desired bigger than your thumb. What 
C/R’s Conpor impregnated Si ever your sealing or protect 
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vis leather cups are operating at 


pressures up to 10,000 p.S.1 They 


problem, bring it to Chicag 


Rawhide 


. CHICAGO 22, ILLINOIS 
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/ Can Have The Adivantages 
NOW et bon. ded a 


MINIATURE” 
emi e ACCUMEEE ys em 
MINIATURE SIZE FOR LIMITED SPACE — 
WITH ALL THE QUALITY OF HIGHER-PRICED SYSTEMS! 



























j Alemite—with 40 years of centralized lubrication ex- 
LTH perience — announces an all-new miniature system 

Fa4 complete with pump, metering valves and controls— 
especially designed to service many machines and ve- 
hicles where centralized lubrication has been imprac- 
tical until now! 

Alemite’s new midget-size Accumite system is espe- 
cially adaptable to light, precision, multiple-bearing 
machines that have limited installation space. Its small 
size and simple installation overcomes cost limitations 
in most plants. Typical applications are: packaging, 
canning, labeling and textile machines . .. and machine 
tools. It is also suitable for tractor trailers, lift trucks 
and farm implements. 


ACCURATELY METERS THESE SHOTS OF OIL OR GREASE 





2) .003 cu.in. 4 .006 cu. in. ) 009 cu. in. 





ALL THE ADVANTAGES OF “BUILT-IN” 
MEASURED LUBRICATION—PLUS MIDGET SIZE! 


@ Meters exact amounts of refinery-clean lubricants to all bears | 
ings whenever system is operated. ) 

@ Eliminates shutdown time for lubrication. 

@ Seals lubricant against dirt, grit and water. 


@ Prevents bearing troubles due to neglect or use of wrong 
lubricants. 


®@ Services all bearings in one operation. 
@ Avoids work spoilage and bearing repairs due to over+ 
lubrication. 





Accumite lubricates 24 points of spring winding machine. 


Mail coupon for 


full information! / 2) 
: 
j 


1. Valves mounted directly on bearings. 2: Transparent 
lubricant reservoir. 3. Manuvally controlled air pump, actu- 
ated by “push-pull” valve. r ih, 

bd * 
ALEMITE, Dept. AA-98 ae 
1850 Diversey Parkway, Chicago 14, Ill 


sw 


Please send me all the facts about your new “Miniature 





DiviStOn Accumite system 





STEWART-WARNER nem 
CORPORATION Excellence’ Company 
1850 Diversey Parkway, Chicago 14, Ill. Address 
City Zone State ae aed 
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MECHANICAL PARTS AND DESIGN ANALYSIS 


by A. N. DANIELS, President 
New Hampshire Ball Bearings, Inc. 


BEARING FITS AND 
FITTING PRACTICES 


As shown in Fig. 1, the fitting of If the frequency distributions of shaft 
Micro-Bearings, like the fitting of and bearing ID sizes were statistically 
larger ball bearings, chiefly involves normal, the modal fit of all parts 
the clearances between the inside di- would be 0.0001 loose. Accordingly, an 
ameter of the housing and the outside insignificant percentage of parts 
diameter of the bearing; the bore of would be mated to the extreme values, 
the bearing and the shaft diameter. and for practical purposes could be 
ignored. 

Housing Diameter With regard to bearings’ outside 

eee diameters and bores, however, nor- 
mality of the distribution curve can 
not be assumed. During the grinding 
operation, the “most metal tendency” 
tends to skew the frequency distribu- 
tions for bearing ID’s and OD’s in 
the direction of most metal. 

In grinding and finishing shafts 





— and housings, similarly skewed dis- 
Uy . FIG) Bearing (0 tributions occur. 

Yo Operating on a modified probability 
distribution of tolerance is possible if 
the volume of parts is sizeable. But 
the approximate distribution of shaft 


and housing sizes must be verified if 
this method is to be used 





The achievement ot the desired fit 
by dimensioning is illustrated in Fig. 
2. The bearing ID is represented by 
the top blocks and the shaft OD is 
represented by the lower a me ——_ 
a block diagram could also be applie« 
to housings and bearing outelie di- MATERIALS and SURFACE FINISHES 
ameters. In this block diagram, it will The ease of assembly is also affected 
be noted, the bearing ID is represent- by materials and finishes. The follow- 
ed by a .00015 tolerance with a simi- ing factors must be considered: 
lar tolerance for the shaft. A resulting 1. The galling characteristics 
fit of line to line to .0003 loose is hardness and ductility of the 
shown. materials involve 1. 

12500 .12495 .12490 .12485 Finish lay patterns produced 
= . I } Shoft OD — by varius tools and _ tech- 
— . et } niques u ed. 

Bearing ID 12485 12480. .1247 12470 a R M S surface fini } alue 
FIG. 2 achieved. 

An interference fit not tighter than . Geometry of shafts and hous- 
line to line is suggested for the fol ings as regards out-of-round 
lowing reasons: ness, taper, etc. 

1. Difficulty in assembly. The possible combinations of these 

2. Difficulty in disassembly. This elements in any single application are 
is often more hazardous than so numerous that their gross effect 
the assembly operation and can only be ascertained by trial and 
may result in total bearing error, or by a detailed study of 
destruction, operations on individual applications 
Reduction in radial play. A more complete discussion of fitting 
Danger of bearing ring con- practices, including sizing methods 
forming to possible poor ge- and coding, is found in our design 
ometry of mating haft or handbook. 
nousing. 


TOLERANCE DISTRIBUTION DESIGNERS HANDBOOK 
The maximum .0003 loose condition 
shown in Fig. 2 may be excessive in FREE TO ENGINEERS 
some applications. The fitting problem If you work with miniature bearings, 
then resolves itself to vedasien this you'll find this new, 70 page authori- 
extreme, and yet maintain the maxi- tative publication a great help in solv- 
mum tight fit of line to line. The ing problems in de- 
looseness may be reduced by redimen- signing instruments 
sioning the shaft to .12490/.12475 as or small electro-me- 
shown in the block diagram, Fig. 3. chanical assemblies. SS 
12500 .12495 —_.12490 12485 Shoft OD It will be sent 
| rman a free to engineers, 
draftsmen and pur- 
Bearing 10 chasing agents. 
FIG.3 Write to: 


NEW HAMPSHIRE BALL BEARINGS, INC., PETERBOROUGH 1, NEW HAMPSHIRE 








Catalogs 


and 
Bulletins 








To obtain copies of literature 
described below, circle corre- 
sponding number on reader 
service card, 


(R-1) Beryllium Copper Springs 
Catalog 10, 20 pp. Covers compres- 
sion, flat, strip springs, contact rings 
and strips and screw machine prod- 
ucts. Includes engineering data and 
describes design engineering service 
available, tool making facilities, vari- 
ous finishes. Instrument Specialties 
Co., Inc., 244 Bergen Blvd., W. Pater- 
son, N.J. 


(R-2) Industrial Rolls—Catalog 180, 
55 pp. Furnishes information about en- 
gineering, construction and applica 
tions of wood, rubber, metal and plas- 
tic rolls. Service data, basic design 
diagram, size information and notes 
for selection and maintenance are in- 
cluded. A corrosion data chart is 
offered as a general guide. Rod- 
ney Hunt Machine Co., 50 Maple St., 
Orange, Mass 


(R-3) Manual Remote Valve Controls 

Bulletin 5811, 20 pp. Gives design 
nformation on flexible shaft valve 
-ontrols including valve couplings and 
remote operating terminals. 300 
swivel-geared joint is also shown. Stow 
Mfg. Co., 426 Shear St., Bingham- 
on, N.Y 


(R-4) industrial Sheet Packing — 
Bulletin P-328, 8 pp. Detailed specs 
engineering, “application and testing 
data on 19 packings. Crane Packing 
Co., Dept. PEN, 6400 Oakton St., 
Morton Grove, IIl 


(R-5) Teflon Gaskets and O-Rings— 
Bulletin 327, 6 pp. Construction and 
styles of gaskets available, including 
sizes and dimensions. With tables of 
standard sizes and dimensional data on 
O-rings. Crane Packing Co., 6400 
Oakton St., Morton Grove, III 
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MECHANICAL PARTS AND DESIGN ANALYSIS | 


I-S SPRINGS of beryllium copper can help you 


IMPROVE YOUR PRODUCT'S QUALITY, REDUCE YOUR COST, INCREASE YOUR PRODUCTION 


Instrument Specialties Company specializes in the 
design and custom manufacture of age-hardened 
alloy springs. With our specially developed pro- 
cesses and machines, our engineers are able to 


realize the fullest performance potential from the 
superior spring materials around which I-S serv- 
ice to designers and manufacturers has been de- 


veloped. 





iiss 


BAMA AAA \ vi Ke 
prawrrrrnenrrvnrerrevierererre ross) 


QUAN 


MAA ee py 


PRODUCTION 


STRIP SPRINGS 

I ited from beryllium copper 

Easily handled, readily broke: apart by 
automatic or semi-automat 

ind contact riveting machines 


Individual pieces may be broke 


COO 


VVVYY¥8 


GAA 








FOR 
LOW 
ACTIVITY 


reocissem” 


HIGH FREQUENCY SPECIALTIES 
We are equ ped to supply stand 1 mating parts { 
use with 2¢ sy ” 41) { } 


custom made part 


SHORT-RUN SERVICE 





A COMPLETE ENGINEERING AND 





INSTRUMENT SPECIALTIES CO., INC. | see 


234-A Bergen Boulevard 
Telephone: CLifford 6-3500 
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Little Falls, New Jersey poe , 


SAMPLE SERVICE 


pper may 
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MECHANICAL 








CONTROL 


Has Advantages in Thousands of 


3 Dimensional Cams can be 


used in applications where “x 
and “‘y” are input variables of 


e temperature ¢ pressure 
e R.P.M. e liquid flow 
e speed e altitude 
or any of thousands of other forces 
or motions. 


">" is the instantaneous resultant or 
readout of the two input variables. 
z= f(x,y). 


Some advantages — 
e withstand severe 
environmental extremes 
fidelity of readout 
smaller control size 
lighter control weight 
dependability 


THI 


New Applications! 


NOW AVAILABLE . . . the 
latest and most complete bro- 
chure on 2 and 3 dimensional 
cam control. Fully illustrated 
and diagrammed—design, 
development, application in- 
formation. Send for your copy 
today! 


PAR KER- 


HARTFORD CORPORATION 


CAM DIVISIE 


»N 


FRANKLIN AVENUE e HARTFORD, CONNEC 
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Catalogs and Bulletins continued 


(R-6) Mechanical Components—Sup 
plemental catalog 15, 24 pp. Informa- 
tion on dimensions, characteristics, ap- 
plications and price of new ball bear- 
ings, bronze bearings, worm and wheel 
assemblies, helical gear assemblies, 
magnetic clutches, instrument panel 
clocks and other components added 
since issuance of main catalog and 
supplemental gear list catalog. Pic De 
sign Corp., 477 Atlantic Ave., East 
Rockaway, N.Y 


(R-7) Industrial Pressure Gages 

Catalog 305, 16 pp. Describes con 
struction, specifications, dial gradua 
tions, and applications of general 
purpose gages; altitude, refrigeration 
immonia, hydraulic, duplex, solid 
ront high pressure, vacuum and low 
pressure diaphragm, pivoted move- 
ment differential, and indicating 
gages. Also pressure switches. United 
States Gauge, Div. American Ma- 
chine and Metals, Inc., Sellersville 
Penna 


(R-8) Cup Packings—Folder, 4 pp 
Describes fabricated-rubber hydraulic 
packings and gives applications, a 
table of max clearances between pack 
ng follower plates and cylinder walls 
ind a listing of all standard sizes 
E. F. Houghton & Co., 303 W. Lehigh 
Ave., Philadelphia 33 


(R-9) Meter Mountings— Bulletin 60! 
+ pp. Information on design, advan 
tages and performance of bonded 
rubber mountings that protect sensi 
tive instruments against shock and vi 
bration. Specs include cross-reference 
table listing various meter manufac 
turers models. Lord Mfg. Co., 1635 
W. 12 St., Erie, Penna 


(R-10) Miniature Ball Bearings—Cata 

z supplement M1, 6 pp. Dimensions, 
olerances, torque values, static and 
lynamic capacities ind limiting 
speeds are given On miniature and 
nstrument sizes n OD sand 
smaller. Barden Corp., 63 E. Frank 
lin St., Danbury, Conn 


(R-11) Vibration and Shock Mounting 
Systems—Bulletin FIA, 4 pp. de 
scribes variable-damped aeronautical 
mounting systems. Discusses design 
and selection of component parts and 
problems of vibration-isolation mount 
ings for gyroscopic instruments. Fed 
eral Shock Mount Corp., 1060 Wash- 
ington Ave., New York 56 
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’ e jf 
There's an IVE-PB Bearing é 
Miracles in Miniaturization (2 
RADIAL RETAINER SERIES 


BEARING NO. 
$s2¢ 
2%"c 
vic 

$wac 
$wsc 
3332¢€ 
§418c 
Swsisc 
§¥5532¢ 
§¥ 5632¢ 
Sweisc 
§¥ 6632 


j aa y, 


 ~ 


= \ 


to help you perform 


RADIAL AND SUPER-LIGHT RADIAL SERIES 
0.0. BEARING NO. BORE 0.0. 
1250” 100 | 0250" | 1000" | 
1562” 2 | 0400" | 1250" 
1875” 2% 0469" | 
2500" v3 | 0550" | 
3125” v4 | 0781" 
1875" vs | 0937" 
2500" 3332 | .0937" 
3125” ais | .1250° 
3125” vsis | .1250" 
3125” v5532 | 4562" 
3750" ¥5632 | 1875" | 
3750" 5732 | .2187" 
§614¢ | 2500” | .3750" ves | 1250" 
814c | .2500" | .5000” 6632 | 1875" | 


FLANGED RADIAL SERIES (Full Roce or Retainer Type) ore 2500" met. J 
TAF Are DOUBLE SHIELDED FLANGED RADIAL RETAINER SERIES 


3F varc 22 FCHH 

a warc 3FCHH 
SF W5Fc oe 4FCHH 
3332F 3332FC SFCHH 
4aisF 41sFc .2500” jaa 418FCHH 
sisfF)6=—s WS 18FC 3125” f S18FCHH 
$532F W5532FC 3125” S : 5532FCHH 
5632F W5632FC 3125” , 5632FCHH 
618F Wolsrc 3750" ses) 618FCHH 
6632F W6632FC .3750" 6632FCHH 
614F 614F¢ | 2500” | .3750" 614FCHH 
ai4F g14rc¢ | 2500" | .5000” 814FCHH 


DOUBLE SHIELDED RADIAL RETAINER SERIES 


2\.CHH 
3CHH 
4CHH 
SCHH 
418CHH 
S18CHH 
5532CHH 
5632CHH 
618CHH 
6632CHH 
614CHH 
S14CHH 


BORE 
0400” 
0469" 
0550” 
0781" 
0937” 
0937” 

1250” 

1250” 
1562” 

1875” 
1250” 
1875” 


WwioTH 


0312* 
| semen 

0469" 
= . 



































4 














2500" 
3125” 
3125” 
3125" 
3125” | 
3750" | 
3750" 
3750” | .12: 


















































0469" 
0550” 
0781" 
0937” 
0937" 
1250” 
1250” 
1562” 
.1875” 
1250” 
1875” 


1562” 
1875” 
2500” 
3125” 
1875” 








—_——, 
0937" 
1094” 
a 
1406” 
— 
1406” 
—__—_+ 
1094" 
aT 
1406 
—4 
1250” 
1250” 
= 
1406” 
4 
1250” 
1250” 
-— 
1875” 


0469" 
0550” 
0781" 
0937” 
1250” 
1250” 
1562” 
1875” 
1250” 
1875” 
2500” 


2500” 


1562” 
1875" 
2500" 
3125" 
2500” 
3125” 
3125" 
3125" 
3750" 
3750" 
3750" 
5000” 










































































HIGH SPEED 


- W-+ 


\ 
7 rs 
=) oO 
| 8 
i 


THRUST SERIES 


= i 


ANGULAR CONTACT SERIES 


~ Fepen 


Ss 
a 
' 
we 


Prefixes indicate moterial: Stondord is chrome bearing steel (SAE 52100): use no prefix. All bearings, except No. 1/4PR, also available in 440 stainless: use prefix SS in 
ordering. Windicotes also ovoilable in 25 beryllium: use prefix NM in ordering. Sindicotes sizes avoilable with spring seporator, specify suffix S in place of C as shown 
tladicates minimum shaft (S) dimension, (SE) dimension on request. Single Shielded Rodiol Retainer Series also availoble, specify CH, dimensions identical to Radiol Retainer 
Series with exception of following which ore wider: 2V¥4 CH (.0937), 3CH (.0937), and 4CH (.1094). Single Shielded Flanged Rodicl Retainer Series also ovoilable, all di 
mensions identical to Double Shielded Flonged Radic! Retainer Series. Specify FCH ond side to be shielded. Grooved Radiol Retainer bearings ore also ovoilable in 9 sizes 
Root diameter of groove is the some os O.D. of equivalent Redio! bearing. Self-Aligning Series and extended inner bearings available Details on request 


MPB ball bearings 


$ E R 1 E $ (Including Flanged Type) 
3M 3Fm 
4m arm 
4564FM 
SFM 
S1SFM 
618FM 








0550” 
0781" 
0781" 
0937" 
1250” 
1250” 


1250” 


0469" 
0550” 
0781” 
0937” 
1250” 
.1250” 
1562” 
1875" 
1250” 
1875” 
.2500” 
2500” 


.1562” 
1875" 
-2500” 
3125” 
.2500” 
3125” 
3125” 
3125” 
3750” 
37 50” 
3750” 
5000” 






















































































TYaPR 
aPR 
V4Ppr 
vsPR 
V7/APR 
Vv I10PR 


020°*t 
.030"t 
.040*t 
050"t 
075*t 
100°t 


0590" 
1181" 
1575" 
.1968" 
2953” 
3937" 


0472" 
0709" 
0945" 
1161” 
1772" 
.2362" 



























































ore available in ten design series and in more than 500 
different types ond sizes which normally con be supplied 
from stock for prompt installation 


instrument manufacturers and users of small precision 
mechanisms con now vtilize oll the well-known extra od- 
vontages of anti-friction bearings (occurate alignment, 
long weor, freedom from attention) universally occepted 
in lorger quolity equipment 


For more thon 20 years MPB boll beorings hove con- 
tributed to the successful operation of precision mech- 
onisms. A pioneer in designs and dimensions now being 


internationally stondardized, MPB hos also originated 
many precision manufacturing techniques. All MPB boll 
beorings ore ground, lapped, honed and or burnished 
in accordance with highest quality proctice for optimum 
operating choracteristics. Inspection limit toleronces are 
equal to ABEC 5 or better 

The most extensive engineering knowledge in minio 
ture bearing applications is available to you. More thon 9 
million MPB ball bearings hove been installed in precision 
mechonisms. For our new 1958 Catclog giving complete 
specifications ond oadditionol doto 
Precision Bearings, inc, 60 Precision Pork, Keene, N.H 


write Minioture 





Helps you perform miracles 


m mimoturizotion 
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HIGH-DENSITY 
REFERENCE POWDER METAL PARTS 


> bee 7 CATALOG carburized tensile strength to 200,000 psi. 


Supermet combines the 


economy of powder metal- ¢ 2 


T gt Rela Wi re Xe) pe lurgy with the properties of 


controlled carburization to 


Assembl ies give you solid steel parts af 


low cost. Seven ranges of 


es 2) properties available in elec- 
CATALOG trolytic iron; we also invite 
stainless steel parts. As an in- 


dication of accuracy, we are 
wiRE ROPE currently pressing AGMA com- 


ASSEMBLIES mercial class 4 spur gears. 


Send a print for evaluation. 


SUPERMET DIVISION 
GLOBE INDUSTRIES, INC. 


1461 Cincinnati St. 
Dayton 8, Ohio 
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Standard Tru-Loc Assemblies 

provide compact, efficient 

connections at less cost! 
@ Use this 28-page reference catalog to help simplify 
many tough design problems. See the variety of 
Tru-Loc Assemblies possible with Preformed wire 
rope and swaged fittings. They cut costs, simplify 
assembly, save space and improve the appearance of 
products. Send for your FREE catalog today and find 
out how one or more of these assemblies will fit your 
specific requirements. Catalog contains photographs, 
engineering drawings, dimensions—and it’s all been 
clearly condensed and charted for easy reference. 


FILL IN COUPON BELOW AND MAIL TODAY! 


American Chain & Cable Company, Inc. 
Wilkes-Barre, Pennsylvania 
Please forward my free copy of your New 28-page catalog 


TL-500 on Tru-Loc Wire Rope Assemblies 


Nome__ 





Company 


Address__ 
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MACHINED ROUND SHAPES 
FROM ANY MATERIAL 


Made to your blueprints 


ANY SIZE FROM 1” TO 60°! 


Any machined round shape that can be prox 
turning, milling, rolling, grinding, lapping 

can be made to your blueprints by C. Lee Cook 

Any size from 1” to 60", with finishes down t 

inches and tolerances as close as .0002 Cook, manu 
facturer of rings and packings since 1888, maintains a 
special, fully-equipped inspection department to assure 


rigid quality control 


ANY MATERIAL 


There’s almost no limit to the materials that 

furnished. Here are just a few, currently being used by 
Cook: cast iron, bronze, aluminum bronze, h 
bronze, stainless steel (all 300 and 400 series), 1 
l 
Nylon, Teflon, Bakelite, Titanium 


such as chrome and silver, can be supplied 


precipitation-hardening steel, Haynes alloy 


Here are a few types of COOK rings now in service 


Atomic submarine valve rings—Wear rings for engines — Oil seal rings for reciprocating engines 
atomic surface ship reactors— Rings for reactor Hydraulic rings for actuators Special rings 
cooling pumps—Special seals for nuclear aircraft for rocket and missile applications —Seal rings 
engines Electric motor frame rings — Electric for hydraulic and pneumatic cylinders and presses 
motor slinger rings— Clutch rings for truck Rings for high temperature operations (up to 
transmissions —Trailer axle oil seal sleeve 2000°F.)— Special rings for chemical processing 


Bearing retainer housings— Special rings for jet Machined gaskets— Rings for steam turbines 


Send your blueprints for quotation or contact us for engineering recommendations. 


Cc. LEE COOK company 


Airtomic* Products Division 


954 South Eighth St., Louisville 3, Ky. © Phone JUniper 7-6783 *Trade Mark 
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ROTARY 


SPECIALIZED SEAL 








be 


COMMERCIAL AIR CONDITIONING EQUIPMENT 


HIGH-PRESSURE HYDRAULIC OIL PUMPS 


> 


a 
SSS 


est IO eK | 


+t oH ft 


~¥< 


ASN 


SEG 
4 eee’ | LI Ty 
fe | 


VII 7/7 
_ 


PHAESS 


Aha fot 264 CaF 
7eN* 


hak 

















TRACTOR HYDRAULIC DIRECTIONAL FLOW VALVE 


AUTOMOBILE AIR CONDITIONING 











© Mea 
Pose Cemeren 


Sc." Cece 








These ROTARY SEALS are “‘tgilor-mgde’’ to solve specific problems 


No off-the-shelf stop-gaps or compromises here— 
these Shaft-Sealing problems are tough, and it took 
specialized development to come up with precisely 
the right Seal to meet all the conditions successfully 
in each case. 

It takes experience plus painstaking and ingenious 
engineering to produce these right answers, too— 
the kind of experience that only years of specializa- 
tion can provide. Since the introduction of the basic 


mechanical 


f seals 
<F ll for 
hanseeeeennanal 
SROTARYS 


ee 


= /] rotating 
m/f shafts 


ROTARY SEAL principle years ago, we have met 
and overcome the challenge of hundreds of tough 
assignments like those illustrated, for leading man- 
ufacturers in every field. 


If you manufacture HYDRAULIC DEVICES— 
APPLIANCES—GEAR BOXES—AGRICULTURAL 
EQUIPMENT—PUMPS—AIR CONDITIONING—or 
any other line where secure Shaft-Sealing must be 
a certainty, call in the ROTARY SEAL experts, 
preferably at the drawing board stage. With our 
expanded sales engineering and production facilities, 
it’s ten to one we can ‘“‘tailor-make”’ exactly the 
right Seal to do your job. 


Shaft-Seating with Certainty 


ROTARY SEAL DIVISION 
MUSKEGON PISTON RING CO., SPARTA, MICHIGAN 


ENGINEERING 


COMPRESSORS 
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BEARING TIPS 
by McGill 


GUIDEROL needle roller bearings 
Save space and simplify design 


. . especially where their greater capacity can reduce the size 
and cost of an adequate bearing housing. More and more design- 
ers are specifying McGill GUIDEROL bearings to carry heavier 
loads dependably with smaller bearings. 


GUIDEROL bearings combine full type bearing capacity with 
center guided rollers that limit skewing and eliminate the possi- 
bility of binding under average misalignment. Especially suited 
to vertical mounting. 


These precision heavy duty needle roller bearings are available 
with or without inner races in shaft sizes from %”" to 9% 
Specify the sealed series to keep out contamination and avoid 
relubrication. 


or ‘ : 
Minimum clearance, maximum load capacity 
retained in automatic screw machine 


BROWN & SHARPE MEG. CO. replaced plain scraped bush- 
ings in the turrets of their No. 00 Automatic Screw Machines 
with McGill GUIDEROL bearings. 

GUIDEROL bearings were selected to retain minimum clear- 
ance and maximum load capacity. In addition to meeting 
these requirements, the GUIDEROL eliminated production 
problems involved in the use of the scraped tapered bush- 
ings. The bearings support the turret during cutting and 
indexing operations. GUIDEROL design also satisfies the 
need for maintaining accurate alignment throughout long 
machine life. 


| 
| 
/ 
| 
| 
| 
1 
| 
| 
| 
| 
| 


High capacity and compactness in lift truck 
chain cross-head rollers GUIDEROL bearings support 


! 
| 
| 
TOWMOTOR 6000 through 11,000 pound capacity lift truck pay- 
loads. They are used as chain crosshead roller bearings. Space : : = ‘ 
requirements and the need for high capacity without the ““‘walking”’ Design simplified in | 
tendency of a straight needle roller bearing led to the selection of . hi | 
GUIDEROL bearings. GUIDEROL bearings have been rated very mine mac ine 
well in terms of length of life, maintenance and load carrying transmission | 
capacity in this application. Performance is rated excellent. The 
user reports reduced service requirements as compared with straight Manufactured by | 
needle bearings formerly used. the LONG Company, “PIGLOADER” coal loading ma- | 
chines feature full independent crawler control with a | 
single motor. Application of GUIDEROL bearings on the | 
tram clutch shaft is — of other McGill bearing ap | 

plications on the loader. GUIDEROL CT series bearings 
are used on the output end of the shaft to handle purely | 
radial loads in small radial space. On the opposite end of | 
the shaft, double row ball bearings handle combined | 
thrust and radial loads. This combination eliminates the | 
need for complicated adjustments. Use of a roller bear- | 
ing, which has the same dimensions as the thrust bearing, | 
accomplishes the design purpose with minimum ma- 
chining variation in the transmission case. The GUIDEROI 

equipped tram transmissions allow each crawler to oper- 
ate independently, a substantial design improvement 


engineered electrical products Je SEND FOR CATALOG No. 52-A 


MSGI Ez ‘ MULTIROL — GUIDEROL — CAMROL 


precision needle roller bearings 


McGILL MANUFACTURING COMPANY, INC., 201 N. LAFAYETTE ST., VALPARAISO, INDIANA 


Product Engineering — Mid-September, 1958 CIRCLE 351 READER SERVICE CARD F29 








| MECHANICAL PARTS AND DESIGN ANALYSIS 








EARING 
RONZE. 


Words cannot describe the advantages and the superiori- 
ty which BEARIUM METAL offers over all other types of 
bearing materials. Only when you use it under the most 
difficult operating conditions can you appreciate its amaz- 
ing superiority 

So, if you have a bearing application which involves 
high speeds, poor lubrication, excessive loads, elevated 
temperatures, dusty and gritty surroundings—or where 
a liquid other than oil must be used as a lubricant... 
BEARIUM METAL will prove to be your best investment. 


THE SECRET OF BEARIUM 
METAL’S superiority is due 
to the uniform distribution 
of microscopic lead particies 
within the copper-tin grains 
rather than between the 
grain boundaries—as illus- 
trated by these two photo- 
micrographs 





Bearium Metal 


BEARIUM FEATURES: Non-Seizing and Non-Scor- 
ing * lLong-Wearing * 


Self-Lubricat- 
ing * Low Coefficient of Friction * High 
Compressive Strength ¢* Resistant to 
Shock Loads * Sound, uniform structure 
* Free-Cutting 


AVAILABLE IN: cored and solid bars * 
centerless-ground rods * machined parts 
* pattern castings 





Tell us your requirements and we'll 
gladly furnish complete information. 


BEARIUM METALS CORPORATION 


Mill at Commercial St., Rochester 14, N. Y. 
WEST COAST AFFILIATE 
NEVIN ENGINEERING ASSOCIATES 
208 Toyopa Drive, Box 536 
Pacific Paiisades, Calif 


IN CANADA: 
BEARIUM METALS OF CANADA, Ltd 
155 George St 
Toronto 2, Canada 
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Ordinary Leaded Bronze 


BEARIUM METAL 
SS 








FREE... 


64 PAGE 


WORLD'S LARGEST 
LINE OF WORK HOLB- 
ING EQUIPMENT— 
CHUCK JAW BLANKS, 
CAST ALUMINUM 
AND MALLEABLE 
KNOBS, WHEELS, 
HANDLES — PLUS 
HUNDREDS OF OTHER 
JIG AND FIXTURE 
COMPONENTS 















oo 


COMPLETE DETAILED SPECIFICATIONS 


ENGINEERING DRAWINGS e COST SAVING DATA 


write for your copy —TODAY! 


JERGENS TOOL SPECIALTY CO. 


712 East 163 St, Dept. PE-9, Cleveland 10, Ohio 
CIRCLE 353 READER SERVICE CARD 





PRECISION-MADE 


THREE DIMENSIONAL CAMS 


Engineered to your application from your 
blueprints, Mallory Industries offers a wide selection 
of three and two dimensional cams of 
all types for computing and motion applications. 


For complete information on your 
particular application, write giving all pertinent details 
Our trained cam specialists will study 


your 
requirements and make suggestions 
BOX 134 
mallory industries inc. | WEST HARTFORD 
CONNECTICUT 
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Machine Tools And 
ansmission Equipment 
—A packaged scaling 
; os ie 
unit containing both pee * 
stationary seal faces enc 0 aba 
metal housing. Stock sizes for s 


250 through 4.000. 


Power Tr 
STYLE GU 


ROTO-FLEx 
: EX - ove , 
3 parts. Single Rugged flexibility. Onjy 


sizes for gnngle or double units’ s 
STYLE army 250 through 4.0y Stock 
; ~«§ RFO 4.000. 
Roto-flex A specially 
X ses ally decie 
the stuffin ~ al, for installation ened 
.250 throug box. Stock sizec fim utside 
ough 4.000, SiZes for shafts 


A Complete Line 
GITs SHAFT SEALS 
For Every Application 


These modern, mechanical, face-type seals are carried in stock 








to save you time and money. Write for detailed data 


GITS BROS.MPFG. (Co. 


1838-C South Kilbourn Avenue « Chicago 23, Illinois 


. | Specialists In Lubricating Devices And 
Heavy Machine Too s Shaft Seals For Almost Half-A-Century 


, igh-speed, 
"LE DPC —A hig é 
lh cme aced seal, for more compet 
i i savy industr 
installation in heavy 
machinery. Stock sizes for shafts 
250 through 4.000. 





Household Appliances 


-assembled 
l}-budget 





A factory 


STYLE SGU 
STY LE | for the sma 





+4 tame Sea . oF 
unity ock sizes for shafts 250 
hy 1.000. 














user. 
through 








Aircraft Engines And Accessories 


STYLE HH — Absolute minimal space 
(both radial and axial) under extreme 
conditions of temperature, pressure and 
seal face surface speed. Features pres- 
sure balance when fluid pressure is 
applied internally or externally. Stock 
sizes for shafts .250 through 4.000. 
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Mass produced to close tolerances in automatic presses, Oilite* Powder Metal Parts 
and Bearings allow savings up to 55% and higher, slash tooling time and reduce 
tool costs. A wide choice of ferrous and non-ferrous metals and alloys are 


available to meet service requirements. 


SAVE OVER ONE 
MILLION DOLLARS A 
YEAR BY USING OILITE 
PRECISION PARTS! 


THIS KIT contains Oilite Parts 
produced for a score of com- 
panies who save over $1 million 
annually by specifying Oilite! 
Savings like this are typical 
with Amplex customers who 
manufacture appliances, power 
tools, machinery, engines, 
motor vehicles and many other 
products. 








The manufacture of this popu- 
lar power saw makes certain of 
dependable service by using 
extra tough, longer-lasting steel 
Oilite gears and sprockets. The 
Oilite powder metal parts save 
this customer over 50% of what 
he formerly paid to have the 
same parts machined from steel. 








Contact your local Oilite Engineer for complete design and purchasing infor- 
mation. He'll gladly survey your component needs for possible savings at 
no obligation to you. Look for him in the Yellow Pages of your telephone direc- 
tory under “Bearings—OILITE” or write to Dept. B-10. 


AMPLEX DIVISION 


CHRYSLER CORPORATION, DETROIT 31, MICHIGAN 





SELF-LUBRICATING BEARINGS «¢ PRECISION PARTS ¢ METAL FILTERS ¢ FRICTION UNITS 
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OILITE BEARINGS PROVE MORE THAN 
MATCH FOR 34-TON PAYLOADS ON 
ATHEY DUMP TRAILERS 


Oil-cushioned against shocks and 
impacts, these Oilite heavy-duty 
bearings withstand years of pun- 
ishment while demanding a very 
minimum of maintenance. Self- 
lubricating, they help make 
Athey trailers more dependable 
and more maintenance-free. Yet, 
Oilite Bearings cost far less than 
many other type bearings. 









ACHIEVE MAXIMUM SAVINGS BY COMBINING 3 


(left) serve imultaneous! 


UNITS INTO 1 


Oilite Bronze component 
erential, Ol pump pl 
ton cam and over-running 
The part engages a 
2nd Oilite ratchet fixed t 


the drive shaft. Combining 3 
part into a ngle QOilite 
it helps m: t powel 
I r lighter, mo p 
nd re¢ 
reduc ! 





SWITCHING TO OILITE 
HELPS KEEP THIS 
MANUFACTURER COMPETITIVE 








he mest tusted name in powder metoliirgg / 


E ° 
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| Catalogs and Bulletins continued 


tiny holes assure 
pressure tight seals 


(R-12) Anti-Friction Bearings—Bul- 
letin AFB-2, 24 pp. Design require- 
ments for antifriction bearings of un- 
° . : 

United S exclusive usual shapes and sizes. Discusses suit- 


able component materials for high 


temperatures, corrosion - resistance, 


patented feature 


nonmagnetic properties and other 
specialized operating conditions. In- 
cludes illustrated case histories and 
line drawings. Industrial Tectonics, 
Inc., 3686 Jackson Rd., Ann Arbor, 
United's exclusive, patented* self-ener- Mich 
gized metallic O-rings have tiny holes in 
the hollow ring wall. Holes allow con- 
tained pressure to enter the ring forcing 
ring wall to form pressure-tight seals 
under high pressure. 


(R-13) Ball Bushings—Catalog 4, 20 


pp. Discusses the bearings for use in 





linear motion. Describes construction 





In met to > 7 ‘ 1 Of eration. Gives 1 istallatic n da a, 
€ al- € metal applicat ons, self-ener ine 
mounting arrangements, load Cay acity 








Write for free 22 
page booklet (on 
your letterhead 


gized metallic O-rings are capable 


forming positive, permanent, non-corro- 


sive, Static seals under extreme tempera- 

tures from —321°F. to 1800°F., and 
under pressures equal to ultimate com- 
pression stress of the metal itself. Avail 


information. Thomson Industries, Inc., 
Manhasset, N.Y 


(R-14) Wire-cloth-product Design— 


please able in various metals and finishes. %*” Multi-scale slide rule giv es direct read- 
dia. to any size or configuration. United 
also makes non-vented and pressure-filled any wire cloth, providing flow-rate 


O-rings; and wire and brazing O-rings 


ings of the percent of open area ofl 


data required in filtration applications 
PATENTS S ’ 

a ett Also, other scales facilitate determi- 
nation of data of interest to wire 


cloth fabricators and designers. Rey 


A UNITED METALLIC “O” RING CORP. 


Dayton, Ohio 6 Box 1035 
Division of United Aircraft Products, inc. | nolds Wire Div... National-Standard 
Co., Dixon, Ill 
CIRCLE 358 READER SERVICE CARD 
(R-15) Caster Wheels—Bulletin 15 


pp. Describes properties that make 





. these wheels non-sparking, nonflamm 
; ible and resistant to abrasion and 
& O W, E ® L j moisture. Photographs, sketches and 
lrawings illustrate wheels, construc- 

REVERSIBLE RATCHET 


WRENCHES 
designed to solve your problema 


Speed of operation, simplicity of ; hearings, slide bearings and _ gears 


tion and uses Tables provide specs 
Rapids Standard Co Inc 34° Rapis 
tan Bldg., Grand Rapids 2 


‘R-16) Standard Nylon Parts—Bulle 
tin 501, 20 pp. Nylon rollers, roller 


stchint eamtont trenoth 
ratchet « Saeed great strength vailable from open stock are des 
these are three big reasons why 
chinery designers write Lowell ribed with specs and dimensional 


versible Ratchet Wrenches into thei lrawings. Pipco International Corp 
—_ ioaine 

spec 1757 Stanford St., Santa Monica 

The Series 20 gear wrench hei 

special favorite. It has 


(R-17) Packines, Gaskets and Seals— 
Handbook AD-162 12 pp Details 


t 


feature of tast-acti 
rom the end of 
f the knurled knob 
and hands are 


y clear of moving 


sealing materials, construction and ap 
dlications. Contains a listing of the 


how Niagara Machine j — —_ fect of numerous gases, liquids and 
Works has adapted a Ser I _ 
for the important set-up fur 
slide adjustment by using ecial ‘parate sections consider static seal- 


yivents on packing materials. Three 


short handle We'l make up special: ng. molded, extruded or machined 


for you too, if you need mething Ww t . 
’ q 4 rite now for BULLETIN DED.1 vne nd he <-metallic yITAa 
other than standard or information about special wrenches - ane ishestos-metallic spiral 


year sizes from 2°% lare 
——- LOWELL WRENCH CO. 
| Dept. DN-85 Worcester 8, Massachusetts 


vyound gaskets: dynamic sealing and 
Teflon and Kel-F materials. Garlock 
Packing Co., 422 Main St 

N. ¥ 


handles from 7” t 
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you get .250 thickness 
of usable bronze on 


O-KNI-CO 
ro ET | 

wear 

plates 


no other wear 
plates now offer this 
tremendous advantage 


O-KNI-CO clad aluminum bronze wear plates are 
a combination of !1/,” thick aluminum bronze eter- 
nally clad to a tough, easily machinable steel back- 
ing. Unlike ordinary thinly coated products. 
O-KNI-CO clad aluminum bronze wear plates de- 
liver phenomenally long wear. Their steel backing 
gives great strength. You receive them completely 
finished, ready to install. Available in 14 standard 
cross sections from 1/2” to 11/4” thickness, 11/2” to 8” 
width, up to 72” length. Special sizes furnished to 
your requirements. Drilling and counter-boring can 
be done through bronze if required. 


THE OHIO 


Their many applications include use as slides in 
cam and trim dies, or wherever there is a sliding 
action between flat metal parts. Hundreds of ma- 
chine tool builders and users are enjoying the 
many advantages of O-KNI-CO aluminum bronze 
wear plates. If you are contemplating using bronze 
wear plates it will pay you to consider the many. 
many dollars you will save in replacement costs 
alone when you purchase long wearing O-KNI-CO 
.250 thick bronze wear plates. If you are now a user 
of solid bronze wear plates, O-KNI-CO offers you ap- 
proximately 40% savings in initial cost alone and 
delivers the same performance. Immediate delivery 
available on standard sizes. Data Sheets illustrating 
applications are available by writing Dept. B. 


KNIFE CO. 


CINCINNATI 23, OHIO 


SLITTER KNIVES * SHEAR BLADES * BRONZE WAYS * WORK-REST BLADES »* 


SUT-OFF BLADES 


SCRAP CHOPPERS * HARDENED SPACERS « BALL RACES * HARDENED WAYS * WEAR STRIPS « GIBS 
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Also in wide usage are 
O-KNI-CO Clad Alumi- 
num Bronze Ways and 
Gibs. Ideally suited to run 
against O-KNI-CO Hard- 
ened Ways. 
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“MONOBALL”’ 


Self-Aligning Bearings 


PLAIN TYPES 


——— 
¥ ext. 
7 ' Compression & Tension Type 


A es Ragen Bene et 





Aircraft cable is strung with spherical steel 
; hells in a rigid or flexible housing sealed 
HAR | . 
. AGSSRISTICS with “O” rings. 3” standard bend radius. 
ANALYSIS RECOMMENDED USE 4° minimum bend codius. 


Stainless Steel { For types operating under high temper- hr eT es: 
Bal! and Race ( ature (800-1200 degrees F.). Thre yP 


. Light Duty—C ion Ult. Load 12 
Chrome Alloy { For types operating under high radial J. big ; Duty a gp panies ~~ 50 
Stee! Ball and Race lt ultimate loads (3000-893,000 Ibs.). Ibs.; Ult. tension 960 Ibs. 


3 Bronze Race and { For types operating under normal loods ’ 2. Heavy Duty—Compression Ult. Load 1650 
Chrome Moly Steel Ball | with minimum friction requirements. ibs.; Ult. tension 960 Ibs. 
Thousands in use. Backed by years of service life. Wide variety 3. Extra Heavy Duty—Compression Ult. Load 
of Plain Types in bore sizes 3/16” to 6” Dia. Rod end types in 3050 Ibs.; Ult. tension 3900 Ibs. 
similar size range with externally or iftternally threaded shanks . 
Our Engineers welcome an opportunity of studying individual Positive remote controls for actuating mechanical, hydraulic 
requirements and prescribing a type or types which will serve or other devices. Eliminate bell cranks, pulleys and dual 
under your demanding conditions. Southwest can design special cables. Patented U.S. A. All world rights reserved. Send 
types to fit individual specifications. As a result of thorough 

P # P ‘ ; ad for ENGINEERING MANUAL giving detailed prints and 
study of different operating conditions, various steel alloys : 3 : ; 
have been used to meet specific needs. Write for revised Engi- complete specifications covering materials, finishes, copa- 


neering Manual describing complete line. Address Dept PE-58 cities. Please address Dept. PE-58 


SOUTHWEST PRODUCTS CO. SOUTHWEST PRODUCTS CO. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 








1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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H Ow To This new ENGINEER'S 


MANUAL takes you oy M “Db 2 ...HAS MADE 
ona step-by-st 4% © YG age 
Desig n peng priate s \li,7e DUDEK & BOCK 
wire cloth strainers to : 
meet your own special 


Yo iT r requirements. 


Discussion includes 
WIRE CLOTH fieekommeeeeees W\ WIRE FORMS 


other nickel alloys are SPRINGS 


widely used. 


STU AIMEE Write today for your METAL STAMPINGS 


¢ In Industry, in homes, farms and 
ae shops, you'll find daily, living proof 

: that D-&-B’s KNOW-HOW pays 
er 


M | C H | G A N on expert engineers for parts that 


meet your exact needs and save 

> Y you MONEY! Get Wire Forms, 

WIRE CLOTH CO. Springs and Stampings that are 

anu 2040 Howard Street ey 2 easily assembled . . . that 
eors d \ 


it] a withstand stress . . . and 
. Desig? Detroit 16, Michigan perform under the most 


tng 


me 
Sacainel trying conditions! 


Seeley DELIVERY 


MICHIGAN WRITE — WIRE — or PHONE 


: ° 

: cs : for Estimates and Delivery Dotes 

Draws the Wire 

Weoaves the Cloth DUDEK & BOCK 
Fabricates the Part 


in one continuous production line Phone : SPRING MFG. CO. 
’ DICKENS 2-1020 4014 W. Grand, Chicege 51, tl 
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When your product must respond 
to temperature or pressure changes... 


Cpecily Flexon Bellows 


Cost-Engineered for Your Application 


FLOW CONTROL 


= 2 


VAPOR AND 
STEAM TRAPS 


cpEKOn BELLOWS 


Ask for the 
Flexon Bellows 
Design Guide 
20 pages of help- 
ful application in 
formation 


FLEXON 


| 
| 
ss 


—4 


iy 








j 
= j 


+ Fete + 


+ 


PRESSURE MOTOR 


et t+ Seats + 
i Ain HHH *~ || gt atatatal Vey 
Besos 


PRESSURE COMPENSATING 
DEVICES 


TEMPERATURE SENSITIVE 
DEVICES 


PRESSURE 
SENSITIVE DEVICES 


While the importance of performance-engineering in bellows cannot 
be over emphasized, it is essential that cust-engineering be con 
sidered equally if your product is to compete in today’s market 
Bellows with specifications exceeding those required by your product 
may simply increase the cost. Specifying a special bellows where a 
standard can be used is another way in which costs may be increased 
unnecessarily. Flexonics Bellows Application Engineers are trained 
to evaluate your requirements with cost factors in mind. Go over 

your needs with them. For specific recommendations, 
= send an outline of your requirements 


® > 


BELI 





9 plants to serve you 
in the United States 
and Canada 


THE FIRST NAME IN 
MOTION CONTROL 


ees 3 : = | 8-5) 


° VISION 
Flexonics ae 


1351S. THIRD AVENUE * MAYWOOD, ILLINOIS 


In Caneda: Fiexonics Corporation ef Canada, Limited, Brampton, Ontario 
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We fabricate 
in more than 


AND DESIGN ANALYSIS 


PRESSED STEEL WHEELS 


SEMI-PNEUMATIC AND SOLID RUBBER TIRES 


Standard sizes 5” to 16” — roller, ball, oilite or bronze bearings — 
also available with drive hub. Welded or bolted wheel construction 
Complete wheel manufacturing facilities — 
Send us your specifica- 


for easy tire replacement 
custom sizes engineered to your requirements 
Write for new Goddeyne catalog 


Per Ze 


different 
materials* 


GASKETS 
SEALS SHIMS 


72 
Y 


PACKINGS WASHERS 
BUSHINGS “0” RINGS 


& % 


Thru Hub Bearing 
Positive Lock Hub 


GODDEYNE WHEEL PRODUCTS 


1354 N. Melellan St. Bay City, Michigan 
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If it's a problem of the right material 
for the job—at the right price—Auburn 
is sure to have the perfect solution 
among the wide range of materials in 
which we work, 

Put our 87 years experience to work 
for you—Auburn’s engineers are tops 
in their field in designing and fabricat- 
ing precision sealing devices. Their 
know-how is at your command. ‘‘O” 
Rings are a speciality with us. 


- consult | 


PAMARCC 


* Leather + Asbestos + Nylon + Vinyl + Teflon 
Silicone Rubber + Neoprene + Rubber + Cork 
Fibre +» Compositions + Phenolics + Cloth + Felt 
Paper + Cardboard + Plastics + Brass + Steel 


Copper + Aluminum + Kel-F 
Other Special Materials 


p> Send us your specifications or 
/B NI blueprints You'll receive 

-. prompt quotations and recom- 
oe mendations without obligations 
Dd “ 


= 
AUBURN 


MANUFACTURING COMPANY 


307 Stack St., Middletown, Conn. 


e) 


New York, N. Y.; Rochester N Y 
Detroit, Mich., Chicago, Ill; Minneapolis, Minn.; Pittsburgh, 
Pa.; Cincinnati, Ohio, Ridgewood, N.J., Atlanta, Ga.; Mem- 
phis, Tena.; St. Louis, Mo.; Camden, N. J.; Washington, D. C 
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COMP 
siON 
pREC! NT AND 
EME 
REPLAC Pamarco offers complete service on 
light or heavy duty precision cy- 
lindrical components. Large quan 
tities for production or parts for 
maintenance. Rolls, shafts, axles 
and other cylindrical parts to 
closest tolerances. Chrome, cop 
per and pentrate finishing, slab 
milling, long keyways. Elimi 
nate production bottlenecks 
with Pamarco high-accuracy 
cylindrical parts! 


Paper Machinery 
& Research, Inc. 


FO 
poorer 
= 


ROSELLE, NEW JERSEY 


Tel. 


PRECISION 
PRINTING, CONVERTING 
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GE NERA L INDUSTRIA 


CHestnut 1-1200 





. “SERVI CE 
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over 100 designs of Grant INDUSTRIAL SLIDES 





Ask For 
This Important 


™ | 

Working Data 
f | The Grant Industrial 
. Slide Catalogue is a 


working manual on 
built-in accessibility. 
Ask us to mail your 


Ce eee 
free copy. 








to meet every operating situation! 


accessibility 
space saving 
speedy maintenance 


Grant Industrial Slides afford substantial, practical mountings for nearly 
all types of assemblies—electronic, hydraulic, pneumatic, mechanical. 
They allow quick access...the pivoting types permit testing or work on 
underside as well as top of chassis...also provide for quick release of 
chassis for bench servicing. Slide mounting usually eliminates need for 


rear access doors and rear aisles—a very important saving of space. 


Grant slides are soundly engineered, durable and dependable. 
Load capacities range up to 500 lbs. and more. 


Grant engineers and representatives in all important industrial areas 
g i ] 
offer specialized experience—will aid in working out custom variations to 


adapt standard slides to especially exacting requirements. 


y 
Gra nt INDUSTRIAL SLIDES 
WT / 


Grant Pulley and Hardware Corporation 


~ 


47 High Street, West Nvack. New York ® 944 Leng Beach Ave., Los Angeles 21, Cal 
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FOR 


GRAPHALLOY, a solid lubricant, Contains No On. 
GRAPHALLOY Bushings eliminate shutdowns for bear- 
ing lubrication, service, or replacement. Many appli- 
cations are still in service after 10 to 20 years at high 
(Operating range: 750°F to minus 400°F.) Value analysis in- 
for overall cost, GRAPHALLOY Bushings are more economical! 


FOR DRY APPLICATIONS — Where oi! cannot be used! 


HicH TEMPERATURES to 750°F Graphalloy bearings give long 
service without attention, eliminating shutdowns with their attendant joss of 
production and cost of replacing parts. They are used where oil or grease would 
volatilize or where fumes would contaminate the product 


temperatures 
dicates that 


1) IN 





AT Room TEMPERATURES 
with vibration), 


In heavy duty, low-speed machinery (particularly 
where oil or grease would squeeze out. In medium duty 
speed, oil and oiling schedules are climinated. In special usage 
Graphalloy does not attract dust or lint (and their abrasive action); does not 
ntan sdstuffs or pharmaceuticals; in instrument applications Graphalloy 
eliminates the meniscus drag of oil-lubricated bearings. Because friction remains 
ant over wide swings in humidity, Graphalloy excels 


medium 
inate fox 


onst as a clutch-facing 


materia 

3) Art Low Temperatures, Graphalloy Bushings have no lubricant that will 
solidify. In oxygen pumps there is no oil to form an explosive mixture 
Graphalloy exceeds MIL specifications (operates to minus 400°F) 


SUBMERGED APPLICATIONS — 
Cleaning, pickling, plating, scrubbing, galvanizing, dyeing. 
Pump bushings and seal rings, step or foot, 


merged in water, gasoline, acids, dyes, 
(Graphalloy is inherently stable 


conveyor, or roll bearings sub- 
or food products and pharmaceuticals. 
no swelling in submersion.) 


SPECIAL HIGH SPEED APPLICATIONS 
Up to 100,000 RPM, where some extremely iow viscosity lubricant other than 
oil is used such as air, water, gasoline or steam 


</> 


* GRaPHALLOY is the Registered 


Trade Mark for our unique products 


GRAPHALLOY BUSHINGS 


THEY'RE 
SELF-LUBRICATING 


WORK WHERE OTHERS WON'T — Typico! Grophalloy Applications. 


At Hich TEMPERATURES 
* Turbine Safety Bushings + Pulleys and Sprockets 
AT MEDIUM TEMPERATURES 
Food and Dairy Machinery * 








Pump Bushings 2nd Vanes *¢ 


Ovens and Kilns *« Dryers « Stokers + Conveyors 


Bushings for Instruments, and for Textile, Printing, 
Inaccessible 


Bushings as in blowers and fans + Foot and Guide Bearings, Thrust Washers, 


Cam Rollers, Piston Rings, 
Equipment 

At Low TEMPERATURES 
Signal Equipment « 


Seal Rings, Rotary Joints, Friction Discs, 





Airborne Servomechanisms ¢ Missiles 


ENGINEERED WITH PRECISION TO YOUR DESIGN 
PILLOW 


a7 ) > @ stocks 

— Self-aligning 

¥ rigid, 

bushing and block 
literature 


HANGER 
BEARINGS 
or 


split or solid 
Send for 


For ovens, oven con- 


veyors, dryers, kilns. 


i 


ze. @ secu 


. P\) TYPES 
} iy 
Me 


Metal-backed bush- 


METAL- 
a / BACKED 
N } 
For slip fit installations 


BUSHINGS 


ings for spider- 
type construction 


Send for Bushing Inquiry Form 107A and descriptive literature. Our 
broad appiication experience is availabie to solve your problems. 


GRAPHITE METALLIZING CORPORATION 
1022 Nepperhan Avenue, YONKERS, NEW YORK 


Process 


Oxygen Pumps * Potentiometers * Timers * Outdoor 


2 
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_ Gilman PRECISION 
SLIDE 
EMBLIES 


...available 
FROM STOCK 


LIGHT DUTY 
BASIC TYPE 


HEAVY DUTY 
BASIC TYPE 


Sf 
ad 





HEAVY 
DUTY 
MICROMETER 
STOP TYPE 


LIGHT DUTY 
TYPE WITH 
RETURN SPRING 





LIGHT DUTY 
LEAD SCREW 
TYPE 


HEAVY DUTY 
LEAD SCREW 
TYPE 


«' 
‘w 


7 





HEAVY DUTY 
CYLINDER 
POWERED 

(in-line 
mount) 


HEAVY DUTY 
CYLINDER 
POWERED 

(lower 
mount) 





Write for free catalog. 


630 Beech St. * Grafton, Wis. 
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VELLUMOID 


Vellumoid Materials... 
for that perfect seal! 


Carefully considered gasket 
applications demand the right 
gasket Look to Vellumoid 
for both engineering assist- 
ance and wide range of proven 
materials. 

The Vellumoid Company offers 
you 50 years of accumulated 
know-how in solving gasket 
problems. Our Sales Engineer 
is glad to work with your en- 
gineering groups. 

We’ll furnish samples for test- 
ing on your applications. 


THE VELLUMOID COMPANY 


Worcester, Massachusetts 
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JEWEL FACTS 


Vole S Of1 USES 
of precision 
jewel hearings 


in produc { de sign 





a reference series for design engineers, prepared by Richard H. Bird é* Co., In 





Assemblies 
Stop the Shock 


Designed to meet the net d lor mecrease d 


Cushion Jewel 


protection of jewels in meters and meter 
assemblies that must withstand severe 


testing and handling conditions, the 
given the 


method 


Cushion jewel setting has 


industry an economical, new 


of assembly 


Essentially the Cushion jewel assembly 
consists of a silicone rubber pad placed 
beneath the jewel in the assembly opera 
tion. The amount of precushioning, or 
compression under which the jewel is set 
will vary with the ultimate use. A typical 
jewel start to 
compress under a fixed load of 30-40 
grams; at 500 grams fixed weight, the 


assembly would have the 


jewel ts depressed approximately 
010°-.015". Used with a collared pivot 
this type of unit performs very well 


In many instances the Cushion type 
of mounting has enabled customers to us« 
glass Vee jewels in movements that have 
750 milli 


cushion assemblies have 


a moving element heavier than 
grams. Thus 
helped the inexpensive glass jewel to com 
pete with the costlier sapphire bearings 


Another advantage that several manu 
facturers have found in cushioned units is 
the reduction in jewel damage during 
assembly. With conventional mountings 
excessive tightening can damage or break 
the bearing or pivet; the cushioned unit 
provides a factor of safety in assembly 
thereby reducing wast ind instrument 
teardown due to poor judgement in bear 
ing adjustment 


If rejects are putting assembly cost 
way out of line, why not try some samples 
£ Cushion jewel assemblies they're 


ours on request 


y: 


a nei ae man 














NS 


WAMWWWAAAAA 


W 


Serving industry with 


Quality jewel bearings since 1913 
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Jewels Take on New Job in Jets 


In addition to the many aircraft instruments that rely on jewel bearings 
for extreme accuracy, a new use now the 
electrical instrumentation 


widens scope for use in 


Waters Manufacturing, [nx manutacturers of precision potentiometer were asked to 
design a miniature “pot” with minimum torque and extreme reliability when operating in 
a contaminated fuel mixture. The result: the new Waters LLT 1% LO-TORK potentio 


meter with jewelled bearings an entirely new concept in miniature “pot 





Bird Sapphire Jewel Bearings are speci 
fied in the Water LO-TORK pots 


because they pr vide vreater 


Complete Assemblies 


Cut Costs 


sccuracy 


ind longer instrument life. These “pot 


Users of jewel bearings for instrument 


ed accelerated corro 
onducted by the Armed Forces 
and are now being used in fuel flow meter 

S.A.F Super bomber 
of jet fuel 


have passed the 


meters, gauges, recorders, et are finding 
s1on test 


that they can cut assembly time, lower 


costs and minimize rejects by ordering 


where 
bushing ‘ SCTEW 


jewels mounted in 


mt withstand the ri i 
type assemblies 
manutacture tina 
Speci 0 tu tect ut nd . 
pecial mounting mg in a Jewel Bearing 

chinery, developed in the Bird Laboratory 
; tandard 

enal s to suppl semblies of any type 
lable u se ; I reliability 

or size, to meet your needs ready for 
immediate installation Don’t tie up your 


own production facilities making assem- 
blies send us a print and we'll supply 


samples for your approval 





Lse a “Standard” 
and Save Money 


Quite often we receive requests for quotes 
on jewels with dimensions and tolerance 

that vary only minutely from the standard 
izes that we produce on a regular pro 
duction basis. Naturally. custom specs 
mecrease Costs ometimes needlessly, when 


a standard jewel will fit the assembly 








satisfactorily 


You can be certain of all standard sizes 
by consulting the new Bird catalog when 
designing. We will be pleased to send a 


opy the day we receive your request 


IEWEI TING 





The coeflicient of friction of a hardened 


steel pivot operating with a sapphire 
Vee jewel will range from 0.15 to 0.19 


in the same situation a 


emma 


glass yt wel will 


average 0.18 


JEWEL SETTING COMPASS HOUSING 


Vichard JU bill vw. 


1 Spruce Street, Waltham 54, Mass 
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BLINDS e SPACER RINGS e 
STRAINERS e FLANGES 


WITH EQUAL STRESS ON 


=~ QUALITY and SERVICE 


Phone Sandusky MAin 6-3712 FOR BOTH! 


t's right! If an emergency or close schedule <>) 
s vou—phonme us. We either have the best P ?*¢ 
pment vou need in stock r the facilities ; 
kill to make it u it once 
pecialists for many vears to the Petroleum » 9 
Refining Petro = & 


Engineering Fields. However, our quality stock items 
and facilities for custom manufacturing, are also avail- 


SANDUSKY 


Chemical, and Chemical Process 


able for many other engineered applications which in- 
volve the pumping of fluid materials and operational 
liquids. We invite you to submit drawings of equipment 
to your special requirements for cost and production 
information 


You'll want a copy of MAC-IRON Catalog 
which presents a complete engineering picture 
Descriptions —Specifications— Data. Your re- 
quest will receive prompt attention. PHONE 


OR WIRE FOR IMMEDIATE PRODUC- 


TION OR CONSULTATION SERVICH 
IF YOU USE PUMPS You need MAC-IRON Strainers” 


THE MACK IRON WORKS COMPANY 


125 WARREN STREET, SANDUSKY, OHIO 
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The Mechanical Seal 
That Beats Corrosion, 
Temperatures, 


Pressures 


and Speeds 


Because Dura Seal 
rotary mechanical seals 
are made of any ma 
chineable metal alloy, 
they are engineered to 
provide perfect sealing 
in the presence of highly 
corrosive process fluids 
at high speeds, pres 
sures and temperatures 


WRITE TODAY FOR YOUR COPY OF THIS 
NEW BOOKLET ON MECHANICAL SEALING— 


illustrating and describing Types of Dura Seals 


adaptable for meeting various sealing conditions 


DURAMETALLIC CORPORATION 


KALAMAZOO, MICHIGAN 
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Catalogs and Bulletins continued 
(R-18) High-Temperature Tubing— 
Bulletin 70, 8 pp. Gives chemical 
composition, physical and mechanical 
properties and production limits for 
16 alloys in the line. These will not 
rupture under a stress load of 25,000 
psi at 1200 F during a 1000-hr test 
Graphs show performance data, 
tables describe hardening treatments 
ind stress-to-rupture and creep 
strength data for the tubing. Superior 
Tube Co., 1556 Germantown Ave 


Norristown, Penna 


(R-19) Carbon Steel Balls—Bulletin 
102. 4 pp. Contains specs, material 
analysis, accuracy, case-depth, weight 
and package information on commer 
cial-type balls. Hoover Ball and Beat 


ng Co Ann Arbor. Mich 


(R-20) Machinery Mountings—Bull« 
tin K3B, 4 pp. Eight case histories 
with installation photos. Data tables 
mve Capacities, characteristics, sizes 
load capacities, dimensions and ship 
ping weights. Korfund Co., Inc., 48 
19C 32nd Pl., Long Island City, New 
York 


(R-21) Indexing Features—Brochures 
+ pp. Discusses Model 2A 


tion features specs and dimensional 


C onstruc 


lrawings. James Smith & Son, Inc 
982 Southbridge St Worcester 10 


Mass 


(R-22) Molded-Plastic Blower Wheels 
Catalog sheets for each dia 4 pp 
each. Describes one-piece non-metallic 
blower wheels available in 558, 6% 
s and 8 in. dia. Description, specs 
performance curves and dimensional 
drawings. Denbo Engineering & Sales 
Inc 3301 Martindale Ave In 


dianapolis 18 


(R-23) Superpressure Items—Catalog 
407, 125 pp. Lists standard and ac 
cessory high-pressure items for pres 
sures to 100,000 psi and temperatures 
to 1000 F. Information on reaction 
essels, superpressure valves, tubing 
ind fittings, both hydraulic and gas 
booster pumps, compressors, pressure 
generators, pressure’ balances and 
dead-weight gages. A temperature 
conversion table has been included 
With dimensional drawings, pictures 
and cross-sections of the various high 
pressure items. American Instrument 
Co., Inc., 8030 Georgia Ave., Silver 
Spring, Md 
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SPECIAL BEARINGS SMITH-NOBAK BEARINGS THIN-SECTION 


SMITH-NOBAK BEARINGS are unique One-way torque transmitting devices 
An output shaft is free to move only with the input shaft. Applications in 
clude angular or rotational control of steering mechanisms, aircraft controls 
hoists, booms, and machine tool feeds. Standard bore sizes range from 0.3125 


through 2.500 inches with torque ratings ranging from 50 through 26,000 
lb-in. 


SPECIAL BEARING sizes and types extend from precision instrume 
bearings to 20 inch bearings used in heavy machinery. Made to 
prints or designed for special applications, these bearings can be 
almost any type of material including. stainless steel (magnetic 
magnetic ), SAE 52-100, aluminum, bronze, K-Monel and ceramics 
races with either saphire or ceramic balls ) 


THIN-SECTION radial ball bearings can be designed for applications wher 
space and/or weight requirements are critical Typical ipplications include 
aircraft equipment portable air tools, magnetic clutches, and portable cham 
saws. Representative dimensions for two thin-section bearings are: (1 

110 mm, OD 140 mm, width 16 mm; (2) bore 30 mm, OD 42 mm 

7 mm. Space and/or weight savings can be greater than 50 


STANDARD REPLACEMENT bearings include: Grooved Race Ball Thrust 
(Light European Metric Series), bore 10 mm to 200 mm; Grooved Race 
Ball Thrust (Steel or Bronze Retainers), bore 10 mm to 140 mm; Grooved 
Race Ball Thrust (Spherical Seats, Self-Aligning), bore 10 mm to 150 mm 
Grooved Race Ball Thrust (Double Direction, Flat Seats), bore 15 mm to 
130 mm; Roller Thrust Bearings (Bronze Roller Cages), bore 0.890 in. to 
14.000 in; Self-Aligning Roller Thrust Bearings (Type AT), bore 1.062 in 
to 12.250 in. 


Designer's data bulletins available check your needs 
SMITH-NOBAK C7 THIN-SECTION BEARINGS a 
SPECIAL BEARINGS [) REPLACEMENT BEARINGS a 


ANN ARBOR BEARIN G and Manufacturing Co 
815 Wildt St. e P.O. Box 355 ¢ Ann Arbor, Michigan 
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a pa ENGINEERED 


on your precision ball and 
pose bearing requirements 


Hartford’s Look Ahead Policy anticipates 


increasing engineering requirements. The balls 
are manufactured to increasingly close 
tolerances and finer surface finishes from a wide 
range of materials able to withstand 
increasingly higher temperatures, more severe 
corrosive conditions and unusual wear problems. 


Many difficult bearing problems are solved 

by Hartford engineers. 

For example, through unitization of parts, 
miniaturization and reduction in tolerance build-up 
is achieved with VERSA-TWIN, a double-row 

ball bearing in which parts of the end 

product form the inner and outer races. 

This bearing can be custom designed to 

your specific requirement. 


Hartford also makes a complete line of thrust 
retainers, angular contact and wheel bearings. 
Technical literature is available on all lines. 


HARTFORD STEEL BALL CO., INC. 


44 Jefferson Ave., West Hartford 6, Conn. 
CIRCLE 377 READER SERVICE CARD 
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"rotating shaft 


i ) 
Seal 


by Cartriseal 





Metal Bellows Seal ° Cartridge Seal 

















Leche FOR DETANS 
iy (iy 


f | 
L Dans W. TOUNT AVENUE Sf. UNC OLNWOOD 45, LiiNorS 
APRESEALATIPES EW TORK - ROCHESTER - TOLERS - CHICAGO + SOUTH SES - (05 ANGELES - Sam PRAMCISCO - SeaTRA 
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DIMCO-GRAY Stock plastic 
KNOBS...HANDLES 


NO TOOL CHARGE! 


Wide selection of stock knobs. han 
dies and plastic parts available without 
tooling cost to you! Many minor changes, 
(color, design, inserts, threads, special 
i materials, etc.) can be made to meet your 
WRITE FOR THIS requirements. 
COMPLETE CATALOG! 


DIMCO-GRAY COMPANY 


206 EAST SIXTH STREET © DAYTON 2, OHIO 
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Catalogs and Bulletins continued DESIGN WITH 


(R-24) Lubricating Equipment— ata 


log 10, 32 pp. Describes equipment *k 
has dimensional drawings. Gives 

specs and operational information 4 A p p an : i - 
Oil-Rite Corp., 2318 Waldo Blvd., 


Manitowoc, Wis THE EASY WAY 


(R-25) Vibration Control Mountings— 
Bulletin K4D, 4 pp. Presents 15 dif 
ferent types of machinery mountings 
that utilize steel springs, rubber and 
cork, singly or in combination. Shows 
installation photos. Gives engineering 
specs and performance 

tire line. Korfund Co 

32nd Pl., Long Island City 1, N.Y 


(R-26) Conveyor chain and sprockets 

Bulletin DC-103-A, 2 pp. Conveyor 
chain designed for higher speeds and 
loads is described Browning Mte 


Co Maysville K\ 


(R-27) End Face Seals Bulletin 
EF-100, 6 pp. Specifications and de 
scription of end face seals. Informa 
tion is presented in table form. With 
dimensional drawings. Chicago Raw 
hide Mfg. Co., 2720 N. Greenview 
Ave., Chicago 


(R-28) Filters and Strainers Cat 
alog 58-100 


~ 


ee tee Gone FOLLOW THESE STEPS: 


ance characteristics and application 


data. Supplemented with diagra 
charts and illustrations. Thumb-index 1. CHECK SAPPHIRE PROPERTIES 
ed. Cuno Engineering Cor Sout! 
Vine & Moeidesn Cane Hardness (MOH 9) 
Resistance to Wear & Chemical at 
High temperature stability 
High infra-red transmission 


Hi 


W henever a material problem arises 


(R-29) Heat Exchangers Bulletin 
1K ‘Tr nec j re " 
1.1K6, 8 pp. Specs of 46 sizes in one gh dielectric constant 
two and four-pass designs. Modifica 
tions for special conditions are also 


included. Ross Heat Exchanger Div 


ee eee are CALL INDUSTRIAL SAPPHIRE FOR 


10 Years experience in Sapphire fabrication 
(R-30) Pillow Blocks and Flange Engineering assistance with your sapphire 
Blocks Catalog BU-101-A, 12 Demonstrations of Sapphire appli 
pp. Illustrates and describes line of More information 


bearing units lubricated for life and Our know-how may save you money 
permanently sealed against contamina 


tion. Browning Mfg. Co., Maysville SPECIFY SAPPHIRE FOR 
Ky 
Magnetic Tape Guides Relay Parts 
_ . - an 
(R-31) Spiral Wound Metal Gaskets Electron Tube Parts Wear Plate 
Bulletin AD-104 Ot ee Design Thread Guides Insulators 
is. Se Film Guides W indows 


factors are discussed, also types avail 


able for specific applications. Sizes 


FABRICATED BY 
are listed and charts for suggested 


sizes in relation to pressures sealed INDUSTRIAL SAPPHIRE COMPANY 


are included. The Garlock Packing 


a. 29 Blake &. Peleere. Mon P. O. Box 422, Quakertown, Pa. Phone KEystone 6-3500 


York Linde’’ Synthetic Sapphir 
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SECTIONAL — Simplest 
weove, for light loods 
where low initial cost is 
desired. 


BALANCED— High tensile 
strength, low ultimote cost 
belting for operation up to 
1300°F. Resists distortion, 
designed for straight travel. 


— im — — 
” 

ae Ye ¥ 

ROD-REINFORCED — 
Highest tensile strength 
ond low therma! capacity 
lt is recommended for 
high temperotures, up to 


2100°F. Undergoes mini 
mum elongation and width 


contraction, 


DUPLEX — Compact struc- 
ture of great density pro 
vides high tensile strength 
The close mesh provides 
smooth surface for carry 
ing small parts and plastic 
materials. 


i 
GRATEX—Close spircls 
retain the advantages of 
Balanced 
adding strength. For cold 
medium and some high 
temperature applications 


PP 


LAK, 


DOUBLE BALANCED— 
A widely used weave com 
bining open mesh of Bol 
wncegd weave with the 
strength of Gratex. For 
cold, medium, some high 
temperature applications 


weove while 


MULTI-STRAND 


corourRoY 


INTERWOVEN 


How to select 


WOVEN WIRE 
CONVEYOR BELTS 


for Continuous Processing 














As you know, woven wire conveyor belts are 
widely used for combining movement with processing 
in many continuous operations——heat treating metal 
parts; washing, blanching and freezing food prod- 
ucts; annealing and decorating glassware; washing 
and curing chemicals and plastics. 


However, there is no single type of belt construc- 
tion suitable for all processes. Some require a smooth 
belt surface, some exceptional strength, others high 
corrosion resistance. That’s why Cambridge has nine 
basic weaves available. Each is shown here with the 
important characteristics of the six most frequently 
used. The last three are special-purpose weaves for 
installations requiring exceptionally smooth surface 
and dense mesh for very small parts. 


There are several factors that generally influence 
selection of weave, mesh size and metal or alloy from 
which the belt will be woven. Among them are: size, 
weight and shape of product to be handled; tempera- 
tures to which belt will be subjected; presence of wet 
or corrosive conditions. Even after these have been 
decided, overall belt construction must be designed 
to meet individual requirements type of drive, sel- 
vage, support and special surface attachments must 
be selected. 


You can see, then, that designing for continuous 
processing with woven wire conveyor belts is not a 
simple “nuts and bolts’ job. Ramifications build up 
rapidly to demand the service of a specialist. That’s 
why Cambridge maintains a staff of competent Field 
Engineers to help you select the Woven Wire Con- 
veyor Belt to make your installation most efficient. 
You can rely on the experience of these engineers to 
specify just the right belt for you. In addition, they 
are thoroughly familiar with basic conveyor design. 
For the name of your nearest Cambridge Field 
Engineer, look under “Belting, Mechanical”’ in your 
classified telephone book. Or, write direct. Also ask 
for 130-page Reference Manual of specifications and 
design information. 

THE CAMBRIDGE WIRE CLOTH COMPANY, 
DEPT. AP, CAMBRIDGE 10, MARYLAND. 
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Catalogs and Bulletins continued 


(R-32) Sizing and Finishing Internal 
BZQ-11, 16 
ballizing 


Diameters Catalog 
pp. Includes description of 
process in which balls are pressed 
through holes to size and finish them 
Typical applications are given and 
tables are provided for performance, 
production and cost data. Ballizing 


equipment is shown in actual use 
Industrial Tectonics, Inc., 3686 Jack 


son Rd., Ann Arbor, Mich 


(R-33) Ball Bearings Brochure, 4 
pp. Describes and illustrates one-piece 
race type with ball cage. Spec tables 
and dimensional 
cluded. Schatz Mfg. Co 
sie N Y 


drawings are In 


Poughkeep 


(R-34) Wire Products 


pp. Guide to ferrous and nonferrous 


I older 6 


wire products 
table. H. K 
side Alloy 


New Jersey 


Includes a wire-gage 
River 
Riverside 


Porter Co Inc.. 
Metal Div.. 


(R-35) Strainers, Ring Spacers, Blinds 


Catalog A-7, 8 pp. Specs, dimen 
sional drawings, and tables on per 
manent line strainers, wire-basket 
temporary strainers, perforated-basket 
temporary strainers, perforated-coni 
cal temporary strainers, flat perforated 
strainers, single blinds, ring spacers 
ring-joint spectacle blinds, spectacle 
blinds, and pivot flanges. Mack Iron 
Works Co., Warren and Water St 


Sandusky, Ohio 


(R-36) Heat Exchangers Bulletin 
HT-1A_ for fixed-bundle heat ex 
Bulletin H-4 for 
removable-bundle heat ex 
Standard di- 
mensions; materials, and engineering 


changers; coppe! 
shell 
changers, 6 pp. each 
data are given Yates-American 


Machine Co., Beloit, Wis 


(R-37) 
Seals 


Thread 


Advantages 


Pipe and Straight 
Bulletin, 8 pp 
of these seals, together with applica 
dimensional 
and weight data. Tru-Seal Div 
Reedy Corp., 2040 N 
Ave., Melrose Park, III 


tion, installation, price 


. Flick 


Hawthorne 


(R-38) Universal Joint 
Descriptions of standard and custom- 
built joints, split block and solid block 


Bulletin, 4pp 


; 


trom s to 4 In 
Borgeson Mfg 


in sizes ranging 
Specs are tabulated 
Co., Inc., 38 Monroe St., Torrington 


Conn 
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Mechanical Joining of Plastics 
by A. J. Cheney and W. E. Ebeling 


Locking Ability of Hexagon Locknuts 


Sealant for Threaded Fasteners 


Soldering Aluminum—A Simple Fluxless Technique 
by G. M. Bouton and P. R. White 


Mechanical Methods of Joining Tubing 


Tentative Standards for Class 5 Interference-fit Threads 


ASTM and SAE Grade Markings for Steel Bolts 


SECTION ce 


GENERAL 
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POWER 
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Fig. 1—Maximum interference for various shaft-to-hub diameter ratios. (A) acrylic resin, 
Lucite 140; (B) nylon resin, Zytel 101; (C) polyethylene resin, Alathon 37 and 14; (D) acetal 
resin, Delrin and tetrafluoroethylene resin, Teflon. Data substantiated by experimental spot 
tests on all resins and complete tests of acrylic. Average environmental conditions are assumed 
as well as yield point and elastic modulus being at room temperature. 


echanical joining 


of plastics 


A. J. CHENEY 
W. E. EBELING 


Polychemicals Plastics Sales Div., E. |. du Pont de Nemours & Co., Inc 


tor adequate mechanical BLIND RIVETING bination with one another, and with 

methods for plastics arise Blind rivets can fasten plastics other dissimilar types of materials 

from an inability to produce leather, heavy fabrics such as canvas Polyethylene and Tetrafluoroethylene 

omplex plastic shapes but also tubber and fiber board. These ma Resins. Because of their relatively 

single material cannot give terials can be joined to one another low elastic modulus these materials 

physical properties ver or to other fabricating materials ire primarily used as overlays. Base 

enough to meet every engineer Nylon and Acetal Resins. Blind rivets material application is limited to low 

need. For instance, a metal may are applied to these materials as di strength joints. Rivet shank expan 

ised to give strength or stiffness rected for use with metals; rivet sion distorts soft base materials, de 
combination with a_ plastic that lengths and diameters are chosen in feating the purpose of the rivet 

pplies corrosion or abrasion resist the usual manner. No special care is Acrylic Resin. Blind rivets may be 

nce to the assembly required in preparing the hole or in applied to acrylic resin overlays as 

Selection of a joining technique for insertion of the rivet. Noticeable directed for other materials. As a 

specific application depends upon a bulging, however, may occur if a base material, less than ‘4 in. acrylic 

nowledge of methods available and rivet hole is located less than 0.2 in does not have sufficient impact 

f the properties required of the final from an unsupported edge strength to withstand the force of the 

embly. Four techniques that have Care is required in applying the expanding rivet shank and can crack 

200d potential are: 1) blind riveting riveting iron to the rivet; prolonged or split when the rivet is set 

ess fitting; 3) induction welding contact may Cause melting or burning Shock is transmitted from the 

+) spin welding. These techniques of the plastic material. Nylon and metal base layer to the plastic over 

economies in assembly operation acetal resins may be used as either lay. Altering the rivet size has no 


‘re plastics are used or planned overlay or base materials, in com- noticeable effect on impact resistance 
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DESIGN CONSIDERATIONS point stress 1s used, Fig 1(B), (C) Residual strength may be estimated 
Nonmetallic plates are limited in and (D), the indicated interference after fitting, by using the apparent 
riveted joint strength by the plate will give maximum holding power! modulus when calculating joint pres 
rather than by the rivet. Plate strength Where maximum strength Is not re sure between shaft and hub 
depends upon the location and naan quired, or for ease of fitting smaller Torsional strength. lorsional capac 
ber of rivet holes as well as the prop interferences may be used y of a hub on shaft 1s given | 
erties of the materials. Stress con Design considerations, For metallic the equation 


qe 


centrations at the edge of the rivet inserts, the interference within 
hole can be two or three times can be determined for a wide range 
greater than the average distributed of conditions by the equation 


stress and must be considered. Creep ] 5 d A splined shaft will imy 
caused by long time static loading where sional properties and rings or 
must also be considered. The elonga J = maximum interfe re used for axial strength r botk 
tion of the rivet hole caused by creep a ode , torsional and axial strength a knuried 


is calculated by using the concept of r modulus of elasticity, psi shaft or combination of rings 


apparent modulus in standard de ribs give a good balance of properties 
Recension Gescent Residual joint strength may be 5 . 
C at or as 7s : amc ‘ hs > » relative 
late db » the smarent Dimensional changes. [he relative d 
P > } _ he ceterminec V using 1€ apparel! 
ost-formed holes should be at jul mensional changes caused b 
right angles to the work surfaces modulus wet wee Se fect 
ang ‘ x ‘ ot \ fitting will affect the 
Clo yntact between riveted mem ndex for predicting creep stress levels — 
ose cf ac e ee veted e © nt! idded to 
( u il cil © | 
oe aie tome outs te xelow the proportional limit. Val _ . 
ers Is essentia urrs shouk e re t | clearanc oO 
eed a é rf aiiaiadl tion in apparent modulus of thermo ‘ a _ 
Over anc e Surtaces cieaner . ‘ 
.nurled shafts. 
befor rivetin Th h | mp t plastics becomes negligible ifter . 
erore eting 1OuL ess | Or . 


vear, and joint strength is constant 
ant with the elastic plastics these os , : - , 
ibout +2 the initial strength 
items should not be overlooked Re ; 0. 
Joint strength is a direct funct 
sidual stresses in the rivet hole area . 


: of the coefficient of friction and is 
of base and overlay materials may 


have adverse effects on the impact dependent on—lubrication, moisture 
« at vc 4 ' Av 
t Ta re > y | urf: 
Strength and the craze resistance of sOmnperareNe wes = aw ’ 2 
the harder plastic mat roughness and the relative velocity of 
e araelr aStic aterials . 


two sliding parts, Table | 
Axial strength. Force required to tn 
PRESS FITTING stall or remove a hub from a shaft 1s 
Press fitting is universally applic given by the equation 
able to similar and dissimilar ma I 
terials and requires no foreign ele where 
ments, such as cement or metal 
inserts, in the finished joint. Properly 


nd n t 
PiASTIC 


applied, press fitting offers service 


Shrink fitting. 


able joints with good strength at 
minimum of cost 
Interference limits. Interference limits 





are generally increased for plastics 
to compensate for their low elastic 
modulus and should be as large as 
possible for maximum joint strength 
Theoretical interference-stress level 
relationships are based on geometry 
and material properties and may be 
calculated by standard stress formulas 
Maximum interferences, actually a 
minimum rupture point, have been 
calculated, Fig. 1(A) for various 
shaft-to-hub diameter ratios 

Yield point data should be used in 
standard stress formulas for materials 
with definite yield points and a high 
rate of elongation. When the yield 





Fig. 2—Induction welding technique. (A) 
Cross section of typical induction welding 
set-up. (B) Finished joint. (C) Weld 
width of joint. (D) Stamped letter inserts 
and decorative effects are possible. 
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Fig. 3.—Joint designs for hollow mem- 


bers. (A) Tongue and groove; (B) matched 
taper; (C) step; and (D) taper and groove. 


1 thermal expansion of plastics can 


be used to advantage in the assembly 


yf interference fits Dimensional 


change over a given temperature range 


in be calculated from thermal co 


flicient of expansion data. Internal 


holes will change at equilibrium as tt 
the part were solid; holes will in 
rease in size with an increase in 


mbient temperature 


Residual stresses. Parts to be 


fitted for 


press 


maximum holding powe! 


mmediately after molding should 


have internal stresses eliminated by 


innealing or by control of the fab 


rication processes. Moisture condi 
tioning of nylon resins is advisable 
because the elastic modulus is great 


est in the dry, as-molded condition 


Notches and scratches should be 
ivoided on the inner surface of a 
ress fitted hub. Keyways and othe: 
slotted areas should be filleted when 
possible to minimize stress concen 


t 


that n certain 


trations cause crazing 


plastics. Press fitted subject to 


parts 
should be tested 


effect of 


considerable impact 


to determine the internal 


impact strength 


tresses on 


INDUCTION WELDING 


Induction welding uses heat gen 


erated by a high frequency resistanc 


circuit to melt and weld adjacent sur 


face of a metal insert. It ts ideally 


suited for joining thermoplastics 


Process. Induction welding technique 


1s applied to follows a 


plastics as 


conductive metallic insert is placed 


on the interface of two plastic sec 


G4 


a pe , 
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i | 
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Fig. 4.—Designs for solid members. (A) 
Sheet plug; (B) 
C) cantilever joint; and (D) flash retainer 


velocity compensation; 


tions to be joined, Fig. 2. ¢ rent Is 
nduced in the metallic insert, gen 
iting heat which melts and welds 


the surrounding plastic material 
Weld strength ts limited by the 
small area in which the weld 


Welding 


itely adjacent to the 


itively 


formed only in 


oceu;©rs 
the area immed 


metallic insert and very little strength 
can be obtained by 


it the 


metal-to plastic 


bonding insert. With a properly 


cesigned insert and correct welding 


procedure welds of consider ible 


strength can be produced in a min 
mum amount of time 

Part geometry. The joint of a ma 
designed so that 


distributed uniforml 


part should he 
pressure 1S 
throughout and over the metal insert 
To prevent disintegration of the In 


sert no portion of the metal should 


be exposed to all 
Insert. Stamped foil, wire screen, and 
conductive 


configurations of 


various 


wire have been used as inserts. The 
insert may be made in the shape of a 
star, letter, or other decorative shape 


When wire is used, diameters ranging 


from 0.010 to 0.30 in. will be most 
effective. Printed or metallized inserts 
mav also be feasible. Care must be 


taken to prevent heating and cracking 


of the metallized surface when ap 


pearance 1s important 

Weld strength. Wire screen inserts be 
tween slabs of polyethylene produce 
than 50 of 


strength 


welds of better parent 


material and almost all 
may be 


Weld 


thermoplastics produced 


equally well strength can be 





calculated by multiplying weld mate- 
rial strength by the melt area formed 


1 


Weld area is normally 1/16 to % in 


from either edge of the metal insert 


SPIN WELDING 


Spin-welding involves rotating one 


section to be welded na powered 


spindle against another part which is 


held stationary Speed and pressure 
generates frictional heat causing con- 
tacting surfaces to melt. When suffi- 


cient melt is obtained, pressure is in- 
creased to squeeze out all bubbles 
ind to disperse the melt uniformly, 
between the weld faces. Rubbing ac 


tion is halted but 


pressure Is main- 


| 


tained to set the weld. Spin-welding 


offers economic and 


advantages 


tandard machine 


shop equipment 


may be adapted for most spin-weld 


ng applications of plastics 


[he require circular shape may 
designed into a non-circular part 
nd the spin-welding appartus in 


lexed to align the 


final 


part into the re 


Guired position. Flashing, some 


times necessary to insure 


complete 


velding is a disadvant: 


ive yut orn! 
can be regulated to minimize 


ash or to trap it in internal 


recesses 


Operating rated 


pene 


variables. Heat 
a function of the relative surface 
| 


velocity, Contact pressure, duration of 
contact, coefficient of friction and 
heat transfer capacity. Experimental 


ata indicate a direct linear relation 


ship between the heating effect of 


velocity, and pressure 


Pressure must be applied uniformly 


ind must be great 


enough to force 


ny bubbles, contamination. or de 


graded material from the joint. Dura 
tion of contact should be only long 
nough to insure complete welding 
shorter cycles minimize flash and in 


ternal stresses of the part 
An approximate range of 
lable II 


produced 


variables 
that 


Satisfactory welds 


indicates those have 


These 


ire starting points used to determine 


optimum welding conditions 
Joint 


Joint design. geometry is the 


prime factor influencing weld quality 
Joints should provide maximum weld 


irea while minimizing surface velocity 


differential. Weld area may be in 
creased by using step, tongue-and 
groove, Or taper joints. Figs. 3 and 
4 are designs for hollow and solid 
members. Limitation on weld area is 


usually wall thickness or drag created 


increased surface section 


Velocity differential 


by the 


may be de- 
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tor assembly by spin-welding. Multi 


colored bottles are ossible by Spi 


welding injection molded sections. Bot 
Table I—Apparent Coefficients of Friction for Press Fitting’ 


toms and end-caps, as well as valve 























Materia! Pressure, psi Apparent Coefficient mechanisms may also be issembled 
Sheet work. Disks may be welded t 
Zytel 101 to steel Below 1700 0.15 
, 7 c plastic sheet for repair work o ( 
Above 1700 0.19 I 
Lucite 140 to steel Below 2000 0.17 produce multi-color effects. Plugs 
Above 2000 0.14 with 45 dee tapered edge nd ab t 
Delrin 500X to stee Below 2250 0.055 Win 4) Geg taperec cdges anc abou 
Above 2250 0.03 i Py: n diametral nterferences are 
Alathon 15 to steel Below 130 0.13 used for this type of work 
Above 130 0.08 : : ' 
Filled containers. Liquids may be 
Values experimentally determined and apply only to smooth machined . 1 : nine : . 
plastic to steel surfaces. Use only for order of magnitude estimations of joint ealed into thermoplastic containe 
strength. Check by use-testing of intended application Surtace heating is so. intense that 
welding can be performed beneath the 
. . : surf , ! 
Table 1l—Suggested Range of Operating Variables for Spin urface of the liquid 
‘Idi Spin-doweling. A combination of spin 
elding | 
welding and dowel joining its a method 
Material Average Point Velocity, fps Initial Pressure ps , 
for assembling thermoplastic section 
Zytel 101° 15 to 50 25 to 150 into sizeable composites. Parts to be 
Delrin 500X 15 to 35 25 to 150 , a , 
Lucite 140 10 to 35 15 to 125 j;omed are aligned and a hole ts drilled 
Alathon 10‘! 5 to 60 10 to 100 through the upper sections and part 
, dina ' 

In some applications a secondary high pressure after initial melting has wa through the last \ dowel 
proven beneficial in improving weld quality. Secondary pressure is many times slightly longe! thar the »ymbined 
higher than that used for initial melting. Generally limited only to material — S . — wees wen 
stiffness and strength h nesses i f thousandths 

Data applicable to Zytel 105, 42, and 31 thickne ind i ew housandt 

Data applicable to most molded or extruded acrylics smaller in diamet than the hole 

Data applicabie to Alathon 14 and 25 

spun nto the openin Ih dowel bot 
. : ( . : oms it I last section generating 
Table I11—Typical Weld Strengths’ Obtained by Spin coms im the last ~ MN 
Welding frictional heat which causes the ma 
terial in the region of the rod tip t 
Alathor Lucite Zytel 
BO terial <s : “ ss Delrin melt and flow up long the rod. When 
Weld t 0 63537 40 130 )=— 301 «165 ~=(5! 900 X the melt flashes out of the top rot 
lathon 10 95 80 85 won iS stopped na the weld 
3 0 90 70 
7 : m @ formed joming the two parts 
: 5 7 y i | 
Lucite 140 85 75 30 Spin-welding may also be used as 
130 85 85 35 a substitute for riveting or mechan 
Zytel 101 70 50 55 25 
105 60 60 50 95 cal fastening. Flanged rods may be 
55 50 70 30 spun in to hold ball bear ng ices 
31 
Delrin 500 K 30 35 25 25 30 60 


gears, or other rotating members 





Weld strengths are indicated as per cent of parent material strength. Where 
no value is shown weld strengths are negligible, below 10 


Localized molding. A metallic dic 











Use only as order of magnitude indication for typical applications spun against a thermoplastic will 
cause melting, and by stopping the 
rotation and squeezing the die an 
exact image may be produced. Tech 

creased by removing the center-most plastic has been tested which could not nique is useful for finishing, labeling 
section of the weld area—where sur- be spin-welded. Weld strengths, how and decorating standard items 
face velocity approaches zero. This ever, differ widely and may vary with Bonding by spin-welding. Spin-weld 
can improve weld strength in small application. Moisture content prior to ing mav also be used to bond thermo 
sections even if the weld area is not welding is an important factor. Nylon plastics to plastics of different melt 
increased to compensate for the cen welded after drying, will have welds point or to completely dissimilar ma 
ter removal. Velocity differential ef with as much as 10 times the strength terials. When spun against porou 
fect may also be compensated for by of “wet” nylon. With close control materials or against undercut non 
crowning the central area so that it of the welding variables and proper orous materials, a thermoplastic w 
melts and disperses first material conditioning, spin welds of melt and flow into the cavities of th 
Residual stresses. Surface velocity constant quality may be predicted and mating part. The resulting membe 
and heating pattern vary across the maintained as shown in Table III strong composite having the d 
face of a rotating disk, resulting in ible qualitites of both mat 
trapped internal stresses. Stresses are APPLICATIONS AND — 
highest at the weld center and lowest SPECIAL TECHNIQUES REFERENCI 
at the outer surface. These stresses Spin welding mav be applied to al , =~ rs es ; wt + _ 
have little effect on the surface but most any assembly operation involving P Nem & Co., I P 
annealing of highly stressed joints to a thermoplastic with a circular joint 


i 1 I4th Annual National Techs 
remove the effect is desirable Hollow members. Aerosol bottles and = 
Weldability. As yet, no true thermo 


plastic pipe sections are ideally suited rineers, Detroit, Jar S8. Paper Ni 
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Thread Dimensions for Test Bolt or Mandrel 





Tolerance on 


Major diameter ‘og angle of 


Mandre! pitch dia 


Toler 








ance in thread, min 
Max 3A Min 3A lead, plus utes, plus 
Size, in +0. 0000 +0. 0000 0.0004 +0. 0000 or minus or minus 
 ] 4-20 0.2500 0 2419 0.2175 0 2147 0 0003 15 
4-28 0. 2500 0 2435 0.2268 0 2243 0 0003 15 
oO< | n 18 0.3125 0 3038 0 2764 0 2734 0 0003 15 
«24 0 3125 0 3053 0.2854 0 2827 0 0003 15 
s 16 0.3750 0 3656 0. 3344 0 3311 0 0003 15 
° bd 5 24 0.3750 0 3678 0 3479 0 3450 0 0003 15 
«14 0 4375 0.4272 0 3911 0.3876 0 0003 15 
20 0 4375 0.4294 0 4050 0 4019 0 0003 15 
13 0 5000 0.4891 0 4500 0 4463 0 0003 15 
20 0. 5000 0 4919 0 4675 0 4643 0 0003 15 
«12 0 5625 0 5511 0. 5084 0 5045 0 0003 15 
O .-18 0.5625 0 5538 0 5264 0 5230 0 0003 10 
el 0 6250 0 6129 0. 5660 0 5619 0. 0003 15 
» 18 0 6250 0 6163 0 5889 0. 5854 0.0003 10 
4-10 0. 7500 0.7371 0 6850 0 6806 0 0003 1¢ 
4-16 0.7500 0. 7406 0 7094 0 7056 0 0003 10 
‘9 0.8750 0 8611 0 8028 0 7981 0 0003 10 
g 14 0 8750 0 8647 0 8286 0 8245 0 0003 10 
l 8 1 0000 0 9850 0 9188 0 9137 0 0003 10 
1 12 1.0000 0 9886 0 9459 0 9415 0 0003 10 
oOC< n U S 1 14 1 0000 0 9897 0 9536 0 9494 0 0003 10 
143-7 1.1250 1 0860 1 0322 1 0268 0 0003 10 
15-12 1.1250 1.1136 1 0709 1 0664 0 0003 10 
14-7 1 2500 1 2336 1.1572 1 1517 0 0003 10 
14-12 1 2500 1 2386 1 1959 1.1913 0 0003 10 
134-6 1.3750 1.3568 1. 2667 1. 2607 0 0003 10 
15-12 1.3750 1 3636 1 3209 1.3162 0 0003 10 
146-6 1.5000 1 4818 1.3917 1 3856 0.0003 10 
144-12 1.5000 1 4886 1 4459 1 4411 0.0003 10 
From: Industrial Fasteners Institute 
A PREVAILING-TORQUE locknut has a Locknut grade Bolt grade except that the major diameter shall 
self-contained locking means that re- A SAE 0, 1 and 2 be the minimum major diameter: 
sists screwing on and off, and that B SAE 3 and 5 with a plus tolerance of 0.002 in 
does not depend upon bolt loading ( SAE 6, and 8 Locking ability. Bolt or mandrel may 
tor locking. Also, cotter pins and other Axial strength. Test bolts shall have be lubricated with 520 EP oil. Pre- 
locking devices are not needed class 2A threads, and a yield strength vailing torque is the on-torque at 
Finished locknuts are made in in excess of the specified minimum first installation. The reading is taken 
regular, thin and thick patterns; the axial strength of the locknuts. If con- with no load on the bolt, and with 
heavy semi-finished type in regular troversy arises, a hardened and the locknut in motion, and the bolt 
and thin patterns. Grades used with ground mandrel (Rockwell C 45) protruding through the locknut be- 
bolts are shall be threaded to class 3 tolerance, tween two and three threads 
Maximum Axial Strength of Locknuts, Ib On and Off Torque with Bolt Protruding 2 to 3 Turns 
Break-away torque, in. lb, min 
Grade A Grade B Grade C Prevailing torque 
in. lb, max 1 ral Sth remo 
Nominal Coarse Fine Coarse Fine Coarse Fine oS SeeNeee edeinaites 
size, in thread thread thread thread thread thread 
| Nominal Grade Grade Grade Grade Grade Grade 
4 2200 2500 | 3800 4350 4750 5450 size, in AandB Cc Aand B Cc A and B Cc 
A 3600 4000 | 6300 6950 7850 8700 gre 
30 — 
‘ 5350 6050 9300 10,550 | 11,650 13,150 ‘ - bes 5.0 6.0 3.9 4.5 
7350 8 75 14,250 15,950 7 *% pn a0 8.0 10.5 5.5 7.5 
‘ 5 200 12,750 25 95 17,800 34 80 107 12 16 as 1.5 
9000 11,050 | 17,050 19,200 21,300 24,000 PA 100 133 17 23 12 16 
*% 11,650 13,000 21,850 24,350 | 27,300 30,450 “% 150 200 2? 30 15 20 
14,450 16.400 27,100 30.700 33,900 38 400 % 200 266 30 40 | 21 28 
4 21,400 23,850 40,100 44.750 50,100 55.950 Sy 300 400 39 52 27 36 
‘ 25.400 28,000 53.150 58,550 69.300 76.350 4 400 533 58 78 41 54 
1 $3,350 36,450 | 69.700 76,250| 90,900 99,450 , 600 800 88 117 62 82 
1 » 
1K 41,950 47,100 | 80,100 89,900 | 114,450 128,400 “A a ot = 160 84 112 
‘ ra | 0 0 50 200 105 140 
i 5 75 2,650 | 145 9 
14 3,300 » 000 | 101,750 112,65 14s 350 160 50 1% oe es od - ve a 
1% 63,550 72,350 | 121,300 138,100 | 173.250 197,250 1% 1200 1600 220 293 186 ees 
iM 77,300 86,950 | 147,550 166,000 | 210,750 237,150 1s 1350 1800 260 aan sas 249 
' 
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Fig. 1—Prevailing torque vs cure time 
for ‘4-28 finished full cap screw nuts. 
Addition of an activator (5% solution 
of Locquic) applied to the metal surface 
and allowed to dry prior to assembly 
increases the room temperature harden- 
ing rate. Inert surfaces—zinc plating, 
cadmium plating, plastics—require this 
treatment for hardening to occur. 
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Fig. 2—Torque characteristics of treated 
nuts—tightened vs untightened. A_ is 
torque caused by friction of untreated 
threads under applied load. B is torque 
caused by bonding action of sealant on 
threads and one face of nut. C is torque 
from bonding action of sealant on 
threads. D is torque caused by jamming 
action of ground plastic in the threads. 


Sealant for 
threaded fasteners 


L octite 


i.quid polymer that hardens only afte! 


sealant is a penetrating 
being confined between closely fitted 
metal parts. Catalytic action of the 
metal surfaces, aided by the absence 
of air, is sufficient to harden the 
sealant into a strong, heat-and oil 
resistant bond. It ts being used as a 
liquid lock for threaded fasteners, as 

thread sealant against high pressure 
fluids, and to eliminate press fits for 
certain types of assembly operations 
The polymer is intended tor shear 
rather than tensile stresses and it ts 


available in four grade strengths 


SEALANT PROPERTIES 


Ihe four grade strengths, provide 
a choice of shear strengths ranging 
trom 1000 psi to 100 psi as shown in 
Table 1 A(10-1), C(4-1) 
E(2-1), H(1-1) are intended for use 


in closely fitting joints having a radial 


Grades 


clearance of 0.002 in. or less. Higher 
these 
strengths are available for loose fitting 


viscosity versions of grade 
joints having a radial clearance of 
0.002 to 0.005 in. at assembly 


When confined between two closely 


fitting steel surfaces, the sealant con 
verts trom a liquid to a solid in less 
than ten minutes. The solid continues 
to harden and gain strength on ful 
ther standing. In a few days at room 
temperature, strength and hardness 
reach a permanent steady value. More 
than 50° of final strength is reached 
72 F, 3hr at 90 F, and 12 


hr at 50 F. Fig. | shows the hardening 


in 6 hr at 


data for various sealant grades 
Hardening can be accelerated by 
heat and is complete in 15 min at 
212 F, or in 5 min at 350 F. Best 
results, however, are obtained when 
the treated joint is allowed to set at 
room temperature for at least 30 min 


before heating to completely harden 


PERMIT COST CUTTING 
DESIGN CHANGES 


High shear strength and ease of 


applications have enabled users to 
eliminate press fits for holding bear 
ings in housings and on shafts, and 
rotors on the shafts of electric motors 
Parts are assembled with a slip fit 
hole clearances 


permitting greater 


and less critrcal machining. The seal 
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Fig. 3—Effect of tightening torque on 
locking torque of fasteners treated with 
sealant. Locking torque increases rapidly 
as fastener is tightened. Greater sealant 
area under machine screw head causes 
earlier crossing of the prevailing torque 
curve. 


, America Sealar ( K “ 


ant is applied to the parts and, onc 
assembled, it hardens in the joint t 


excess ol 


provide push out forces in 
those obtainable with a press fit 
Ihe sealant hardens by polymer! 
ition rather than evaporation of 
Because 


of this property it ts used both t 


solvent and is non-shrinking 


lock threaded joints and to seal then 
igainst fluids under high pressure 
Ihe sealant also hold studs securel 
n castings. Lockine action develop 
atter the stud is seated, eliminating 
the need tor interterence fit or dis 


tortion-type threads Studs whos 
function is to serve aS a pivot have 
in some cases been replaced with 

dowel pin, thus cutting out a tapping 


operation to complete the assembly 


TORQUE CHARACTERISTICS 


Performance of tasteners treated 
with the sealant can best be described 
mn terms of torque required to dis 
issemble the fastene! from initia 
break-loose out to one tull turn. |} 
shows the torque required to re 


move a treated nut under each ol 


two different assembly condition 


G7 
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had 
to 
the usual bolt stress before the sealant 
Break-loose 
2) required to start the 
than the 
difference 


the 
the 


In 
been 


the upper curve nut 


tightened against work 


Was 
(A 


nut 


applied torque 
B 


Is 


Fig 
higher 
The 
the 


untreated 


substantially 
ightening 
(B 


torque 


torque 


Fig. 2) between break-loose 


of the nut and the 
caused by the bending 


the 


nut 
the 
and on one face of the nut 


treated is 


action of sealant on threads 

On rupturing the bond of a tight 
ened nut, the torque drops rapidly for 
the first tenth of a turn, then steadies 
the 
(D, 


caused by jamming action of the plas 


on a_ plateau called prevailing 


+ 


torque. This torque Fig. 2) is 


between the threads 
The 
treated 


tK 
lower to a 
unloaded bolt 
Here 

torque ts lower and rises during 
the 
break-loose 
the 
the 


curve applies 


nut on Or 


the 


an 


zero’. tightening torque 
initial 
of a turn to 
[he 
is 


the 


alone 
This 


the degree 


the first few tenths 


prevailing 


(¢ 


torque 


+ 


torque Fig caused by 


ot 


nut 


bonding action sealant 


the 


on 


threads of 


Break-loose torque. torque 


1s 
to 


tightened 


controlled mainly by 


which the fasteners were 


lesser extent, 


the 


before treatment. To a 


it is also controlled by torsional 


the 
nut 


be- 


of 


of bond 


the 


strength produced 


tween and work. Grade 


sealant used, Table II, has much less 
effect on the break-loose torque than 
on the prevailing torque 

The effect of tightening torque on 
locking 
With 


nut face out of contact with the work, 


is shown 


in 
bolt 


torque Fig. 3 


no load on the and the 


break-loose torque is substantially less 
than prevailing torque. As the tighten- 
the break- 


ing torque is increased, 
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Table I—Specifications of Sealants 





Grade A 


Shear strength, psi 
Viscosity, centipoise 
Volatiles 

Flash point, F 

75 F 


Gel time-min betwee 


Cure time-hr at 

n crossed 
steel strips 

Solubility in 


Acetone 


Trichlorethylene 


Water 


750 
10 


? 
1 


10 


1000 750 


15 


00 
2 


miscible 


miscible 


insoluble 


1 D (10-4 C (4-1 E (2-1 


1000 


50 


300 400 
40 10 


? ? 


150-200 


15 10-15 
200 


12 


200 


12 


10 10 


limited miscible miscible miscible 


sol 
miscible ible 


insoluble 


miscible misc miscible 


insoluble insoluble insoluble 





All higher viscosity vers.ions of 


solubility in acetone 


Table I1—Breakloose 


liquid Loctite 


in the 4 grade strengths hav« 


Torque vs Grade of Sealant 





Regular Full Nuts Pretightened to Bolt Stress of 


Approximately 


33,000 ps 





Tightening 
Torque 


n.-lt 


eak 
Grade 


OSC 


Torque 


of Sealant 


























Fig. 4—Comparison of locking torques. Ordinary nuts 
treated with sealant vs locknuts and lockwashers. 





Engagement ratio 





Holding power % 


oss es BB8asess 





(B) 





Engagement 


ratio 


Fig. 5—Holding power vs engagement ratio fer all sealant grades. 
(A) for mild steel fasteners. (B) for aluminum and brass fasteners. 
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while the 


more slowly 


loose torque rises rapidly 

prevailing torque rises 

and the curves cross 
At normal bolt 


little difference between the 


there is 

break- 
loose torques of the different sealant 
grades. The contribution to the break 
loose torque of the bond between the 


stresses, 


screw head and the work is shown in 
Fig. 3, by comparing a round head 
screw in a tapped hole with a head 
less set screw in a shaft collar. The 
break-loose torque caused by cement 
ing the screw head in the hole does 
not contribute to the torsional stress 
on the screw. It does increase the 
chance of the slotted head becoming 
damaged in disassembly, but not the 
chance of the screw shearing 

Prevailing torque. This is the major 
measure of the energy required to 


remove the screw and hence of its 


vibration-resistance Energy is given 


by the area under each curve of Fig 


FASTENING AND JOINING 


4. Where break-loose 
is given, a fastener can be loosened 
by a hard blow; 
absorbs repeated 
loosening the fastener 


torque alone 


prevailing torque 
blows without 
Prevailing torque from one-tenth to 
one turn of a sealant treated fastener, 
depends on both the engagement ratio 
of the treated fastener and on the 
strength of the sealant used 
Engagement ratio is the engaged 
divided by the 
Table Ill the pre 


length of the screw 
pitch diameter. In 
vailing torque applied by the sealant 
to machine screws in tapped holes 
is given for the sealant grades appro 
priate to each of the five different 
engagement ratios. To use the table 
find the 


mating the application and read op 


engagement ratio approx! 
posite the screw size the sealant which 
will give the required torque 
Holding power is the ratio of the 
torsional 


prevailing torque to the 


Strength of the screw \ holding 


power of more than 100% means 


the screw will twist off before it can 
be disengaged. A holding power of 
10% means that the prevailing torque 
is 10 of the 


torque required to 


shear the thread. Fig. 5 shows holding 


power values for various engagement 


ratios for mild steel, aluminum and 


brass fasteners 
An advantage is that holding power: 


can be substituted tor torque values 


in selecting fasteners. As a rough 


guide, for example, screws of any 


diameter and any engagement ratio 


an holding power of 40 90! 
is appropriate for highly stressed fast 
: . 


eners Ath 25 is adequate Tol! 


screws which must be idjustable 


REFERENCI 








Engagement Rat 


Table I1l—Prevailing Torque vs Engagement Ratio and Screw Size 





Grade of 


Sealant 








150-325 


50-120 
30 65 105-250 
45-110 175-405 
78-170 


290 660 110 


110-260 | 450-1000 160 





ft.-it 





25-55 


40 100 


65-160 


100 -200 


125 


80-185 300 700 120 
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Fig. 1—A spot of zinc-base solder on an aluminum alloy 
causes the oxide to loosen permitting the solder to creep 
underneath and completely wet the aluminum. 


Soldering aluminum 


—a simple fluxless 


technique 


G. M. BOUTON P. R. WHITE 


Metallurgical Research, Bell Telephone Laboratories 


4 major problem in the soldering of aluminum ts the 
xide film that instantaneously forms on aluminum when 
t is exposed to air. The oxide gives excellent weathering 
haracteristics to the aluminum but it ts a barrier to sol- 
dering and has hindered the use of solders in tabrication 
Several methods are used to breakdown the film; fluxes, 
iltrasonics, and abrasion. Another method, which is simple 
ind effective, is to puncture the heated oxide layer with 
1 zince-hase solder stick. A slight motion of the stick, then, 
s sufficient to wet the aluminum 


WETTING ACTION OF SOLDER 
A spot on 2024 aluminum alloy which has been con 
tacted while hot with a stick of zinc-rich solder is shown 
n Fig. 1. The dark ring around the solder center is where 
the molten solder has crept under the oxide and wet the 
iluminum alloy. It has not dissolved but merely floated 
the oxide so that it may be swept away while the solder 
s molten. Fig. 2 shows a photomicrograph of a com 
pletely wetted joint 
Many alloys having zinc as a major constituent will 
perform in a similar manner. However, the solder pres 
ently being used is a zinc-aluminum to which 0.05% mag- 
nesrum is added. Zinc base solders containing even traces 
of lead, tin, cadmium or bismuth result in eventual swell- 
ng and cracking of zinc-aluminum alloys. Magnesium 
adds stability to the solder. The aluminum content is being 
studied; present solder contains 3.5 to 4.3‘ 


Gi0 


aluminum 


Fig. 2—Photomicrograph (500 X) of a joint showing complete 
wetting of the aluminum (bottom) by the zinc-base solder (top). 
Solder is a zinc-base die casting alloy containing 0.05° mg. 


From: Bell Laboratories Record 


TYPES OF JOINTS 

One type of jomt suitable for the soldering technique 
is shown in Fig. 3. The ends of strips of commercially 
pure 1100 aluminum—l in. wide by 0.032 in. thick—are 
beveled and brought together. Strips are beveled so that 
yoth joint surfaces are touched with the solder stick and 
the loosened oxide swept away. Complete wetting is im 
portant and can be checked by removing the excess soldet 
ind playing the torch flame on the residual thin coating 
Insufficient wetting will be apparent as surface tension 
causes the solder film to draw back at the edges of the 
strip. If wetting has taken place, the solder will tend to 
spread further over the surface, often accompanied by 
visual evidence of creev beneath the aluminum oxide 
Complete wetting allows the groove to be filled with solder 
which, when solidified, forms a joint stronger than the 
parent metal 

Any class of joint may be easily formed if the two sur 
faces intersect at a reasonably large angle—permitting 
the joint area to be stroked by the solder stick. Where 
maximum strength is required, both members should be 
precoated with solder. After assembly, the parts are heated 
and a fillet of solder is flowed into the junction 

Joints with strengths adequate for most purposes may 
be made without prewetting the parts. In these instances 
the solder fillets support the load since the bottom area 
of the vertical member will not be bonded to the hori 
zontal member 

Tensile failure of a T joint is shown in Fig. 4. The 
horizontal member was held in a slotted plate and a 
tensile load applied to the vertical member. Failure 
occurred away from the joint. Fig. 5 shows other types of 
joints that can be made 

For lap joints, the parts can be prewet and slid together 
while the solder is molten. In many instancs, a generous 
fillet of solder applied to the exposed edges is sufficient 
The solder will not flow by itself between two closely 
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x 


Fig. 3—Applying the soldering technique to two beveled 
surfaces. The oxyhydrogen torch is only one of a number of 
common torches that may be used for this type of soldering. 


spaced surfaces. Even though it flowed along the metal 
surface beneath the aluminum oxide, the presence of the 


oxide film prevents bonding of the molten layers 


MATERIALS TESTED 

Soldering process has been applied to a number of 
commercial aluminum alloys. No difficulty has been met 
in wetting the wrought grades; cast alloys containing high 
silicon can also be wet but more stroking action of the 
solder stick 1s required. The high melting point of the 
solder—720 F—causes some decrease in the strength of 
the aluminum 

Table I shows average values of breaking load obtained 
from tensile tests on T joints made with the 3.5 to 4.3 
aluminum alloy solder on three grades of wrought alum 
inum. Stem material was | in. by 0.032 in. in cross 
section. T joints made from other aluminum solders lost up 
to 80% of their strength after 73 days in similar humidity 
conditions 

Solder has also been successfully used on galvanized 
surfaces. Normally a strong flux is needed but using this 
process no flux is used and the joints exhibit higher tensile 
strengths. T joints of hot-dip galvanized steel, in which 
the stem material was 1 in. by 0.026 to 0.030 in., required 
in a tensile test an average load of 1068 Ib to break the 


joint. Load is well above the average for the materia 


APPLICATIONS OF JOINING 

Applications of this joining method may be found in 
sheet-metal fabrications such as chassis, panel, and duct 
work, and in numerous constructions such as frames 
supports, housings and wave guide assemblies. Another 
important application is in the model shop where complex 
designs could be easily and inexpensively fabricated 
Others are in the repair of aluminum assemblies to seal 
cracks and holes, to make containers water tight, to fill 


in dents, and to reinforce structures 


REFERENCI 
4 Method for Soldering Aluminum y G. M. Boutor 
and P. R. White, Metallurgical Research. Published in the 
ll wratories Record, Ma 9S8, pr $7-60 
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Fig. 4—Tensile test of “T” joint proves the strength of the 
soldered joint to be greater than that of the aluminum stock, 
as shown by failure. Base was held in a slotted plate and 
tensile load applied to vertical member 


Fig. 5—Number of joints can be constructed using the solder 
ing technique. Only requisite is that the two surfaces to be 
soldered intersect at a reasonably large angle to permit stroking 
of the joint area by the solder stick 


lable I—Tensile Test Results on T Joints 





FASTENING AND JOINING 


Mechanical methods 
of joining tubing 


THREADED JOINTS 


Most widely used method of 
joining lengths of steel tubing, 
when wall thickness permits, is 
with threads cut into the tube 
wall. Threaded tubes are used 
for temporary as well as perma- 
nent installations. 








Fig. 3—Threaded joint with sleeve, 
the OD of each tube 


tapped to 


is threaded 
match. By 


where 
and a sleeve is 
tapping right-hand, and left-hand threads 
in the sleeve and matching tube threads, 


the sleeve acts as a turnbuckle. 


5) 


Fig. 5—End of tubes are flattened and 


a bolt or rivet is inserted through the 
matching holes and tightened or driven 
in place. Tubes may be joined parallel 
or at right angles to one another; may 


be attached to 


G2 


a structural shape. 





Fig. 1—Standard union with V-type seat 
is used to connect two lengths of tub- 
to take apart for cleaning or 
withstand 


ing. Easy 
replacement, the union will 


high pressures. Union may be designed 


with a gasket seat. 


— =—— 


Fig. 4—Twist-on coupling is screwed 


onto a plain-end tube until it sets on 
the top shoulder at the coupling center, 
thread in the 


impressing a companion 


tube wall. Strong and rigid the joint is 


leakproof at low pressures. 


Fig. 6- joined by 
drilling through the plate and both walls 


4 bolt or rivet can be in- 


lubes and plates are 


of the tube. 
serted and tightened or driven to com- 
plete the assembly. A washer should be 


used under the nut head. 














Fig. 2—Standard OD thread connection 
where the end of the tube is threaded 
for connection with a fitting, or with 
Threaded OD of one tube 


tapped ID of the 


another tube. 
is connected to the 
larger tube. Heavy wall sections required. 


BOLT AND RIVET JOINTS 


Treatment for fastening two 
or more steel tubes, whether by 
holting or riveting, is a mechan- 
ical application. Tubes may be 
flattened at the intersections or 
junction points, or left unflat- 
tened, depending upon the re- 
quirements of the application. 


j 





} | 
—— —}-—S 


Fig. 7—Tubes are bolted or riveted to a 
I by fitting the tube ends into the arms 
of the T. Holes are drilled through the 
I and the bolt or 
inserted and driven or tightened. Joint is 


tubes, and a rivet 


not leakproof. 
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Tubing can be mechanically joined for permanent, semi- 
permanent and temporary installations. Many mechanical 
jOints are used where frequent cleaning, overhauling, or 
changing must be made. However, some of the methods 


—such as riveting—are permanent. 


if 


“A 


fr 





I 
a 


yy, 





Fig. 8—For fastening tubing to wood, Fig. 9—For joining tubes side-by-side, Fig. 10—For joining tubes side-by-side 
a specially threaded T-nut formed with holes are drilled through both walls of holes are drilled through both walls of 
sharp prongs is driven into the wood at one tube and one wall of the other. A both tubes. A bolt is inserted through all 
the point of assembly. Tube is attached split sleeve is inserted and a steel sleeve holes, and a special nut is used to im- 
to the wood with a suitable machine plug is driven to tighten the sleeve. Joint prove the joint appearance. Special nut 


bolt engaging the T-nut may loosen by bulging of the holes and bolt assemblies are available 








TELESCOPIC JOINTS 
a 


Fastening is by compression 
bands, set screws, friction joints, 
and others. Joints are used pri- 
marily where frequent adjust- 
ments to overall lengths are 


; necessary. They are not recom- 
Fig. 11—Drive screws are used to fasten Y Y Fig. 12—Telescopic joint to join tube 
sheet to tubing for many types of con- mended where a strong pressure to tube. Outer tube is drilled and 


struction. Holes are drilled, or otherwise joint is needed. threaded for the setscrews. Tubes are 


cut, through both sheet and tube, and telescoped and held by tension on the 
the drive screw joins the assembly. Self- setscrew. Simple and inexpensive and 
tapping screws can be used. used where adjustment is required 





J 


7 


Fig. 13—Spring steel clip serves as lock- Fig. 14—Type of joint is made where a Fig. 15—By expanding one tube to tele 


washer under a standard round-head tube with the proper OD is inserted into scope the other, a bell and spigot mech 


screw when clamping a split tube to a the ID of a larger tube. Machining of anical joint is formed. This assembly 


smaller tube. Clip curves away from the one, or both, of the tubes is necessary does not reduce the ID cross section 


tube and is formed out-of-round so fer best fit. Joints are used with large \ split clamp holds the two parts by 


screw tightening compresses the spring diameter, heavy-walled sections. compressing the outer tube 
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Fig. 16—Inside bead is preformed and 
the outside bead is formed after assembly 
with a hand beader. A deep bead makes 
the joint permanent. A_ shallow bead 
makes it detachable. The outside diam- 


eters of the tubes are not the same. 














Fig. Friction joint is used on tubes 
of the same diameter having thin wall 
sections. End of tube is expanded, slotted 
and rolled over. Other tube is tapered to 
give a slip fit. Joints of this type are used 


for low pressure applications. 


Fig. 21—Joint holds two lengths of same 
diameter tubing. Fitting consists of sleeve 
and ring. Sleeve fits OD of tubing and is 
slotted alternately from each end to per- 
mit compressing. Rings fit OD of sleeve: 
can be driven or heat expanded. 


Gi4 





a 


Fig. 17—Tube te tube 





attachment is 


used where tubes are telescoped and 
dimples pressed into the tube to lock 
depth of the 


them. The indentation 


(dimple) determines whether or not 


the joint is detachable. 


kg. 20—Joint 


bayonet lock on one tube that matches 


formed by having a 


projections on the other. Tube with 
projection is swaged to proper size so 
that outside tube diameters match. Joint 
has high mechanical strength. 





me ne 
, 
a me 2 \ 


X Lrg WA 











Fig. 22—Fitting, with nylon insert, is 
one of the simplest; consisting of the 
nut with an integral sleeve and the body. 
Used where corrosion is a factor. Tube 
is inserted into body of fitting; nut is 
tightened to complete the joint. 


Fig. 18—Inside bead is preformed, with 
the beaded end being swaged to the 
depth of the outer wall thickness. Outside 
bead is hand formed after assembly and 
tubes 


the outside diameters of the 


matched to give a constant diameter. 


COMPRESSION JOINTS 


Used where two lengths of 
steel tubing must be tightly butted 
together, but never where the 
joints may be subject to tension 
loading. Joints can be held with 
tubular bands, bolted split rings 
elite Miile-tolel eM iliilile) Melis Mle ¢- 
high pressure. 


Fig. 23—Fitting to resist vibration ha 
four parts: compression nut; metal fer 
rule, synthetic rubber ring, and the body 
Ferrule is slipped in place, rubber rin 
goes over ferrule, tube end is inserted 
into body, and nut tightened. 
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Fig. 24—Unit is used for vibration and 
shock Tube is flared after 
sleeve and nut are placed on it. Tube 
is then inserted into the fitting body and 
nut tightened. Fitting can be had with 
ends identical or different. 


conditions. 








Www v ott 


Fig. 27—Another three fitting. 
Sleeve shoulder 
Back end of 


that engage 


piece 
engages end of tube. 


sleeve has serrated edges 


tube wall when the nut is 
tightened. Fitting is used for heavy serv- 


ice and relatively high pressures. 


A ” 
Ww gst | 
SS at 


Wun Sawa 


Fig. 30—Compression fitting is a two- 
part unit originally, but the 
serted as a portion of the nut, shears 
off as the nut is turned up tight and 
tube to make a tight joint. 
Available as a union or a connector, 














sleeve, in- 


grips the 
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Fig. 25—Efficient, yet simple compres- 
sion fitting. Nut and sleeve slip over 
tube end and tube is inserted into fitting 
body. Tightening nut completes the joint. 
Tube pressure crimps the tube against 
the sleeve so that it will not pull loose. 





























Fig. 28—For very high pressures, in the 
range of 20,000 psi and more. As the 
nut is tightened, the end of the tube 
meets a wedge-shaped hard metal insert 
that flares the tube to secure it perman- 


ently under all service conditions. 





Fig. 31—Two-piece fitting, similar to 
regular 45° flared fittings, for use with 
thin-walled tubing. Flare seat is inside 
the body of fitting. For use with this 
fitting, the tube end must be flared before 
assembly is completed. 


1958 





poe Vis) 








Fig. 26—Fitting consists of three parts: 
nut, hardened steel sleeve, and body. As 
the nut is tightened, the beveled end of 
the body forces the sleeve into the tube, 
insuring a tight joint. Fitting is available 
as a union, or with a connector nipple. 





Fig. 29—A two-part fitting that combines 
the sleeve and nut in one part. Tube is 
inserted into fitting body and the nut 
tightened. 
in place. 


lightening crimps the tube 


Fitting is used for low and 


medium pressure installations. 











Fig. 32—Three-part compression fitting 
for high-pressure, high-temperature ser- 
vice under severe operating conditions. 
Tube end is flared 37 
and nut are applied. Tube butts against 


seat of body, and nut tightened. 


after the sleeve 
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Tentative standards 


for class 5 
interference-fit 
threads 


Table 1—Stud Dim 


REFERENCI 


Interference-fit 
Vol. 12, No. 1, 


New 
Threads, 


Tentative Standards Developed for 
5.” Published 


7-10 


Class in Fasteners 


Pp 


1957 


Spring 


Standard provides dimensional tables for external 
and internal interference-fit (class 5) threads, in 
the coarse-thread series from |/, in. to |'/> in. dia. 
Table | contains maximum and minimum dimensions 
for external threads. Table II contains maximum and 


minimum dimensions for internal threads. 


ensions for IFI Tentative Class 5 Standard 





Major 


Drive Drive 


nin 


rous and ferr 


160 Bhn 
L,=14D 


min 


2470 
3090 
3710 
4330 
4950 
5580 
6195 
7440 
8685 
9935 


1180 


2408 
3020 
3626 
4233 
4846 
5460 
6056 


2470 

3080 

3690 

4305 

4920 

5540 

6140 

7360 

8600 

§ 9835 
1l¢ 1070 


Diameter 


n in brass 


‘ 1s 
160 Bhn 
14D 


2470 
3090 
3646 3710 
4258 4330 
4876 4950 
5495 5580 
6111 
7350 
8587 
9827 
1062 


2312 


2408 


3030 


204 


99 


? 
? 
3 


382 
3955 
4547 
5136 
6195 5716 
7440 


8685 


0.6910 


0.8095 


9262 0.8594 
0406 


1656 1 


9935 
1180 
2430 


0.9640 


1715 0890 


14 
134 
1! 


356 


1 
234 1 
1 
481 1 


3680 


1 
1. 2430 
1 
1. 4930 


3538 
4788 


2768 1.1877 


4018 


3680 2839 


4930 4089 





*Studs are 


steel ASTM A-325 


SAE Grade 5 « 


Yr 


better 


is not nece 


dering 


All dimensions are in inches, for rolled, 


In ring, add OD limits in 
OD 0.4920 0.4846 


orde 


x 24 in 


cut 
the Dx Il 


IFI Class 5 tap end stud type 


or ground threads 
jescription. Thus 


r 
n 
oD 


‘In or 


cify the 


escr 


fy the 
automat 
mits 

lering 


ption 


pt a 


oD 


oD 


Thus D x 


ally calls 


it is not nex 
Thus Dx lL 


utomatica 


e stud OD limit 


Table 2—Hole Dimensions for IFI Tentative Class 5 Standard 





Nonferrous Mate firtual Dia 
Minor Dia 


nin 


Ferrous Material 
Minor Dia 


min max 


1959 2060 20 
2524 
3073 
3602 
4167 4290 

4723 4850 

5266 5 7 0 
6417 0 
7547 64 0 
8647 0 
9704 
0954 
1946 
3196 


2060 
2630 
3184 
3813 
4396 
4972 
5542 
6722 
7888 
9036 
0322 
1402 
2466 
3716 


0.1959 
2524 
3073 
3736 
0.4313 
0.4882 
5444 
6614 
7768 
8901 
0152 1 
1248 1 
2286 1 
3536 1 


l 
4 
3376 
3947 
4537 
5124 


5702 


2630 279 
3184 


3721 


0 
0 


0 


4500 
5084 
9660 
6850 
8028 
9188 


0322 


12.5mm 


6895 
8077 
9242 0000 
1 0382 
] 1631 
1 2738 
1 3988 


1% 
1 6 1 


ee 
1* h4 1 S000 





All dimensions are in inches, unless otherwise specified 
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From: Fasteners REFERENCE: 


ASTM and SAE Grade Markings For Steel Bolts. Put 
lished in Fasteners, Vol. 13, No. 1 Spring 1958, p 15 


ASTM and SAE Grade Markings for Steel Bolts 





Tensile 
Strengt! 
Min., ps 


Specification Material 


SAE-—Grade 0 


SAE—Grade 1 
ASTM— A 307 Low carbon steel 


ia le 55.000 | 000 


NO MARK SAE— Grade 2 Low carbon steel le t , 2 


2.000 000 


28 .000 . 000 


SAE—Grade 3 Medium carbon steel, cold worked 


000 000 
SAE Grade 5 tX 8.000 000 


OK 0 
Medium carbon steel, quenched and ten , “ 

pered Jp 85,000 000 
8.000 Oot 
ASTM—A 325 ‘ lo 14 000 


55.000 | UUU 


Low alloy steel, quenched and tempered 

ASTM—A 354 (Medium carbon steel, quenched and 

Grade BB tempered may be substituted where 
possible 


Low alloy steel, quenched and tempered 
ASTM—A 354 Medium carbon steel, quenched and Ip to 244 105,000 ,000 
Grade BC tempered may be substituted where 4 95 ,000 5,000 
possible ) 


Grade 6 Medium carbon steel, quenched and tem 110,000 


pered t 105.000 


Medium carbon alloy steel, quenched and 
Grade 7 tempered, roll threaded after heat treat 


ment 


SAE—Grade 8 


ASTM—A 354 | Medium carbon alloy steel, quenched and 
Grade BD tempered 





ASTM Specifications 
A 307—Steel machine bolts and nuts and tap bolts 
A 325—Quenched and tempered steel bolts and studs with suitable nuts and plain hardened washers 
A 354—Quenched and tempered alloy steel boits and studs with suitable nuts 
SAE Specification 
Physical requirements for bolts, studs and nuts 
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Need a Fastener that 


Hasn’t Been Invented? 


Chances are you'll pay top price for it. 
But by following these six rules you can 


avoid the high cost of becoming an inventor!* 


if you avoid sp« 
invented. By 
1] nm 


, 
nm usually keep from ft 


1-standard device mi 


ss you can 
ities the ur 


that ser. 
ably tooled uy indreds of non-star 


duced 


to solve pre bl 


Maybe on¢ 


erlook rree professional help! Your 
r will be glad to offer 


h wes it for everyo! 
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FLIGHT-PROVED RELIABILITY. . . 


LION Quarter-turn FASTENERS 
FOR SECURING REMOVABLE SECTIONS 











: “a MISSILE 


ELECTRONIC EQUIPMENT PORTS = 


Southco’s Lion Quarter-turn Fasteners FULL RANGE OF HEADS 
provide quick access and reliable securing of hinged or Lion No. 2 Fastener available with flush, oval or wing 
completely removable panels. Resistance to severe heat, type. No. 5 with flush, oval, ring, wing, knurled or notched 
shock and vibration, and a high strength-weight ratio head and key. 
make these unique fasteners ideal for use in private, 
commercial or military aircraft and missiles . . . for _ 
ground production and control or airborne applications < ; fy 
Lion Fasteners consist of three parts... a 
one-piece, swaged-nose stud; a retainer; a floating 
receptacle which is riveted or welded in place. Installa- 
tion requires no special tools . . . is simplified by a 
permissible float of .070” 


\. <\ 4% 
INSPECTION PORTS ‘\| EXTERIOR PANELS 












































OTHER SPECIFICATIONS 
SWAGED NOS LION NO. 5 QUARTER-TURN FASTENERS CON.- 
Case hardened one- ta FORM TO MIL. SPEC. MIL-F-5591A (ASG)... ARE 
piece stud with swaged nose m ‘ ON THE GOVERNMENT'S QPL ... ARE CAA 
has no milled sections, in- [im ‘a , APPROVED FOR COMMERCIAL AND PRIVATE 
Serts, Or cross pins... re- & ’ AIRCRAFT USE. 
quires no wire spring to J i MATERIAL: Cadmium-plated case-hardened stee] 





hold it in locked position 
Lion Fasteners offer the 


4 vee, Af - A 4 
highest weight-strength ratio 7 ™“~ BY oe gery FREE! 


available P 

2 TYPES AVAILABLE FASTENER § nasteme 
LION NO, 2 FASTENER LION NO. 5 FASTENER HANDBOOK g “A*0t00n 
For use where space 1s For heavy-duty applica- 
limited and where weight tions where good tensile 
must be kept at a mini- and shear strength are 
mum. required 


Send for your free copy of 

Southco Fastener Hand- 

book No. 8. Gives com- 

plete engineering data on 

Lion Fasteners and many 

other special fasteners. Write to Southco Division 
South Chester Corporation, 260 Industrial High- 
way, Lester, Pa 


PRIVATE COMMERCIAL MILITARY MISSILES LION 
awe =_ A ‘ ’ 
<4 | viation 


| FASTENERS 


one of the 


©1958 EFASTENERS <> 


/ 
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En Fastening propiems Solved Dy 


TIGHTENED AGAINST THE WORK 


FOR MANY SPECIAL FUNCTIONS 


ELASTIC STOP NUT CORPORATION OF AMERICA 














Vibration and impact proof 
bolted connections in 
standard applications. 

















BOLT 


On all electrical terminals 
subjected to vibration in 
transit or operation, and for 








any electrical or electronic 
assembly where positive 





contact must be main- 





To seal bolt threads where 
leakage past stud threads 
must be prevented. 


LOCKED ANYWHERE ON THE 


Blind fastening applica- 
tions where nut is 
“clinched” into sheet metal 
... becoming self-retaining 
as well as self-locking. 








UF Nuts 


Spring-mounted connec- 
tions or dynamic balancing, 
where nut must stay put 
yet be easily adjusted. 
(Flanged face eliminates 
need for extra washers. ) 


On make and break adjust- 
ment studs where accurate 
contact gaps must be main- 
tained. Note “thin” height 
design for limited clear- 


For bolted connections re- 
quiring predetermined 
play. 


For rubber-insulated and 
cushion mountings where 
the nut must not work up 
or down. 





To eliminate drilling and 














tapping and provide steel 
thread strength for soft 
metals, an ESNA spline nut 
is pressed into a bored hole 
in casting. 


Simplified self-aligning 
self-locking fastener for 
bolting two non-parallel 
surfaces. 





HOW THESE NUTS SOLVE SO MANY 
FASTENING PROBLEMS, ELIMINATING 
EXTRA PARTS AND OPERATIONS... 


The red locking collar of an ELASTIC STOP® nut grips bolt 
threads with a perfect fit that will not loosen under severe 
vibration er stress reversals, and seals against liquid seep- 
age. By bringing nut end bolt metal thread flanks into firm 
contact it eliminates wear producing axial play. The elastic 
locking action of the insert-type stop nut does not distort er 
gall belt threads. It is reusable many times. 

Send fer the following free information: Elastic Stop nut 
bulletin; Rollpin® bulletin. Or enclose a drawing of your 
product fer specific self-locking fastener recommendations. 
Write te Dest. N30-S895 





VAUXHALL ROAD, UNION, NEW JERSEY 
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ELASTIC 


REPLACING A GROOVED PIN... 
in this application, Rollpin 
serves as a step pinina 
ratchet wrench adaptor. With 
its light weight and high shear 
strength, Rollpin functions 
perfectly . cuts assembly 


costs 


REPLACING A KEY... Rollpin 
demonstrates its ability to do 
away with precision toler- 
ances, in this heating system 
damper arm. Faster, cheaper 
and more satisfactory than 
previous assemblies 


REPLACING A RIVET SHAFT . 

Rollpin serves as an axle for 
the sparkwheel of a cigarette 
lighter. No riveting or thread- 
ing necessary . . . faster as- 
sembly. Note flush, clean fit 


REPLACING A COTTER PIN . 
Rollpin assembly time is 
shorter, service life ten times 
longer. Vibration-proof flush 
fit. Easily removable. 


REPLACING A SET SCREW... . to 
fasten automobile brake han- 
dle a short length Rollpin is 
self-retained in the hand grip 
but can easily be driven into 
over-drilled hole in shaft for 
simple handle removal 


REPLACING A CLEVIS PIN... here 
Rollpin holds firmly in clevis, 
permits free action of moving 
member. Rollpin application 
shown is the plate of a home 
workshop tool 


REPLACING TAPER PINS . . . in 
the assembly of precision dif- 
ferentials eliminated cost of 
taper pin reamers and the en- 
tire reaming operation. Roll- 
pin costs less than a taper pin 
and installation is cheaper. 
They remove easily. 
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‘ 















Rollpin replaces 12 different fasteners 





REPLACING A HEADED PIN in 
this hinge pin application, 
Rollpin is simply and inexpen- 
sively driven in place, greatly 
reducing assembly costs. Con 
stant spring tension holds 
Rollpin firmly in place 
eliminates loosening of hinge 
due to wear 

































OS 





REPLACING A HUB ON A GEAR 
Rollpin, self-retained in shaft 
is simply snapped into mold 
ed slot to position sintered 
gear. This application, by an 
ottice equipment manufac 
turer, effects major savings in 
assembly. Rollpin’'s high shear 
strength is particularly valu- 


able he re 


REPLACING A DOWEL PIN 

Rollpin is used here to pre 
vent rotation of a thrust bear 
ing. No reaming, no special 
loc king Easily removed 
Lowest possible dowel pin 


cost 


REPLACING A BOLT AND NUT 
Rollpins act as fasteners and 
pivots for the linkages in this 
electric welder. Rollpins may 
be used with a free fit in outer 
or inner members depending 
upon product design require 
ments 


REPLACING A RIVET Rollpin 
serves as guide shaft for 
spring loaded electrical inter 
lock contacts: This electrical 
equipment manufacturer re 
ports that rivet failure pre 
viously occurred at the 
clinched end under normal 
operating impact and vibra 


tion 








WHERE CAN YOU USE 
THIS SIMPLE FASTENER? 


—SSESEEEEa 


Rolipin is the slotted tubular steel pin with chamfered ends 
that is cutting production and maintenance costs in every class 








of industry. 


Drives easily into standard holes, compressing as driven. 
Spring action locks it in place—regardless of impact loading, 
stress reversals or severe vibration. Rollpin is readily remov- 
able and can be re-used in the same hole. Made in carbon steel, 
stainless steel and beryllium copper. Write for samples and 
information, ELASTIC STOP NUT CORPORATION OF AMERICA, 
2330 Vauxhall Road, Dept. R47-5895 Union. New Jersey 































2330 VAUXHALL ROAD, UNION, NEW JERSEY 
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Catalogs 


and 


Bulletins 





FROM ASSEMBLY START TO FINISH, HUBBELL PRECISION SCREWS ARE 7 ae Ps 
USED IN THE TYPE J2S WATTHOUR METER MANUFACTURED BY To obtain copies of literature 
SANGAMO ELECTRIC COMPANY, SPRINGFIELD, ILLINOIS described below, circle corre- 


sponding number on reader 
service card. 


(S-1) Access Door and Damper Hard- 
ware—Catalog, 8 pp. Describes line 
of access door hardware, access doors 
and damper hardware. With price in 
formation. Ventfabrics, Inc., 640 N 
Kedzie Ave., Dept 237, ¢ 

Illinois 


(S-2) Self-locking Fastener lar, 
+ pp Describes prince ple *If-locking 
| WITH HUBBELL based on remolding of socket 


to contours of fastener’s tl 


PRECISION-QUALITY MACHINE SCREWS vantages, applications and sev 


grams are included. Lock 
Each of the twenty-five Hubbell machine screws ; ati i: aes . 
shown at left are vital components in this Sangamo Corp., 2832 E. Grand Blvd., I 
Type J2S Watthour Meter. Each shares the re- 1] 
sponsibility for keeping the assembly operation flow- 
ing smoothly, and each makes its own contribution 
to the overall dependability and accuracy of the (S-3) Socket Head Set and Cap 
unit. All along the line the advantages of Hubbell Screws—Net price list SS106 DI 
recision screws pay off. Clean threads, well formed 
Geode deep, clean slots, uniform size. . . all of these . 
quality features help to secure Sangamo quality age quantities of socket se 
and reduce assembly costs. 

















Prices are given for bulk 





Stripper bolts, dowel pu 


Here again, experience proves that the finest ma- cap screws and p 
terials and components are always lowest in cost Screw & Mfe. Co.. 1728 
to service. Are you putting this time-tested principle . 

into practice? Start today by specifying Hubbell St., Chicago 

quality fasteners. Prices and delivery on request 
Simply send blueprint or sample of the item. 


ec 


(S-4) Self-locking Nut—Bu 
Presents design and perfor 
-.-and don’t overlook 
these premium miniatures 

‘ Pa 1 tab 
. .. the finest obtainable . . . fication drawings and table 
available in steel, stainless steel ; tains anti-friction bearings on sp 
or brass; and in head styles and and shafts. Bearing Lock 
sizes to meet your requirements. i 

chine Co., 4 Union Ave 


N.J 


(S-5) Sealing Alloys—Brochure 
Properties and characterist 


to-metal hermetic sealing 
EXPERIENCE cludes curve of thermal 
bt U 34 R t L L in the manufacture of Wilbur B. Driver Co.. 1875 
7 | ny C . oe te reread Hwy Newal k 4 N.J 
and special 
cold headed parts (S-6) Electrical Connectors Book 


let, 8 pp. Describes connectors, tet 


tures, supported by dimensk 


HIGHEST QUALITY 
WIRING DEVICES * MACHINE SCREWS 


minals, splices and panels. Burndy 


MACHINE SCREW DEPARTMENT BRIDGEPORT 2, CONNECTICUT 
Corp., Norwalk, Conn 
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EATON-RELIANCE cost-reducing 


fasteners do the job easier, taster, surer 


THE 
BEST 
INDUSTRIAL 
FASTENERS 
FOR THE 
MONEY 


When you choose industrial fasteners for any type in major fast-moving industries such as ; 
job, you look first for two things—QUALITY and farm implement, construction m; 
PRICE. Eaton fasteners give you both. Eaton to mention a few—call for Eator 
quality is the result of many years’ experience, high on many varied types of assemblies 
engineering standards and an efficient quality control 
system. Eaton also gives you production and service 
geared to your schedules. The Eaton price is low-- 
consistent with high quality—because machinery is 
modern, employees are skilled, and the raw steel is 
cold drawn, cold rolled and heat treated to rigid 


specifications, 


Chine! 


An examination of our comp! 
line, described in Engineering 

letin 4K /3, will show you the 
range of types available and give 
you fresh ideas on cutting 
fastener costs; send for a 
today, or request one of our in- 
Eaton-Reliance Industrial Fasteners are truly fasten- dustrial fastener engineers to 

ers to be relied on. Design and industrial engineers There is no obligation 


RELIANCE DIVISION 
Sg MANUFACTURING COMPANY 
515 CHARLES AVENUE . MASSILLON, OHIO 


SALES OFFICES New York * Cleveland * Detroit * Chicago * St. Lowis * San Francisco * Los Angeles 


os PRODUCTS: Engine Valves * Tappets * Hydraulic Valve Lifters * Valve Seat Inserts « Jet Engine Parts « Hydraulic Pumps 
Motor Truck Axles * Permanent Mold Gray Iron Castings * Forgings * Heater-Defroster Units * Automotive Air Conditioners 
Fastening Devices * Cold Drawn Steel *-Stampings * Gears * Leaf and Coil Springs * Dynamatic Drives, Brakes, Dynamometers 
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Simmons Fasteners offer 


Economy -« Quick installation - Flexibility of design - 


Whatever your application, Simmons Fasteners will fill your needs. 
Leading manufacturers are using Simmons Fasteners with perfect re- 


sults in a wide range of products. 


QUICK-LOCK 


Millions in use on weather-tight lighting units, battery chargers, truck heaters, 
engine cowlings, access panels and doors, radio equipment covers, gas tank 


covers, map and data cases, transmitter cases, voltage regulators... 


Easy to install, QUICK-LOCK is ideal for assembling removable panels and access doors. 
A 90° turn locks it in place. Stud is self-ejecting when unlocked; visual inspection shows 
whether fastener is locked. Spring loading takes initial load; solid supports carry in- 


creased load. Available in various sizes with choice of stud and receptacle types. 











DUAL-LOCK 


An absolutely vibration-proof, impact-proof high-load fastener that will not 
accidentally unlock or loosen...ideally suited for demountable structures, 
guided missile assemblies, shipping containers, aircraft cowlings and sheet 
metal guards, and all butt-joint fastening... 


Double-acting take-up in DUAL-LOCK insures heavy closing pressure with minimum 
- I & 

pressure on operating tool. Trigger action of DUAL-LOCK assures full open and closed 
positions. Can be recessed in panels or surface mounted. Withstands 7000-lb. tension, 


and can be readily modified for light load applications 














ROTO-LOCK 


Ideal for portable Arctic region shelters, partitions, cabinets, built-ins of all 
kinds, desks, tables and other demountable furniture, knock-down shipping 


boxes, demountable refrigeration units, caskets, point-of-sale display assem- 


blies... 


ROTO-LOCK makes butt or right-angle joints easily. Tapered cam design permits secure 
locking even in misaligned or semi-open position. Carries heavy tension and shear loads; 
can be used for air and water-tight seals. Solidly built without springs or delicate mechan- 


ical parts; unaffected by sub-zero temperatures. 
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you every advantage... 





Strength - Positive locking - Smooth fastening action 








LINK-LOCK 


Available in 3 sizes—heavy, medium, light duty. The perfect latching device 
where positive or heavy locking pressures are necessary, and where lock will 
have to withstand rough service. Proved in portable aircraft hangar construc- 


tion, containers, military transit cases, instrument cases... 


The springless latching device for use wherever pre-loaded closure is required. (Also 
spring-loaded. See below.) Impact and drop-resistant, LINK-LOCK provides heavy fasten- 
ing pressure and high load-carrying capacity. Excellent for water 
and pressure-tight sealing. Withstands 70-below temperatures 

New! Spring-Loaded LINK-LOCK ...medium and heavy duty ...ideal for less expensive containers where 

costs won't permit precision production. Spring provides take-up to compensate for set in gasketing, irregu 


larities of sealing surface s 


ad ee 








HINGE-LOCK 


A high-strength pressure hinge which provides a means of applying pressure 
along the hinge-line of hinged-cover containers and equipment cases. 


various types 


s HINGE 


Particularly applicable in comme 
such as rigidly specified 


LOCK insures a pressure-tight sea pact and drop 


ratures. Locke 


K becomes a fre 


resistant, not affected by arctic temper 
released by a counter-turn. HINGE-LOG 
light duty sizes 
All-around pressure on hinged-cover containers is obtained by 
LOCK and LINK-LOCK fasteners. Both these Simn 


engagement latch detail can be varied to suit d 


both can be replaced by a bolt or screwhead 








Send today i vu 


tener Catalog. Complete specifications, drawings 


tions. Samples of all Simmons Fasteners on request 


SIMMONS 


FASTENER CORPORATION 
1751 North Broadway, Albany 1, New York 


958 Sweet's I 
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News about 


(PUAN 


4 
\ 

SINCE 1913 \ 

= S) 


claesives 


FOR ALL METALS AND ALL PLASTICS 


Two ways to bond rigid ‘styrene foams 





Working with 
“flexible” foams... ? 


When it comes to “‘chemical fasteninc 
ble foams, the answers are not quite 

‘ 

In 1947, R&A developed the first practical 
rapid tack-loss, one-part, fast-grab, soft-seam 
adhesive for foam rubber and our BOND- 


MASTER R225 till the leader that indus 


try 


And our most popular adhe 
foams (BONDMASTER C294) d 


effective and economical job on 


Those ‘urethanes’, though, are used 


iny ditterent ways (t¢ themselve 
d, fabric, grit, etc.) that the 
lation will depend not only upon 
riais you are working with Dut ur 
characteristic you considger most mportant 
We've over a dozen different formulation 
that are used to mass-production-bond ure 
thane foams right now One of these could 
very well be exactly what you are looking for 
Just detail your problem and we'll speed 
of course 


ple without obligatior 





RUBBER & ASBESTOS 


CORPORATION 


235 BELLEVILLE AVENUE 
BLOOMFIELD, NEW JERSEY 
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without fear of cell attack 


Oo Low-cost, fast-grab, high strength 
no-residual-odor, rubber-resin adhesives. 


@ 100 


reactive, solvent-free epoxies. 


New, high strength, low cost adhesives permit swift economical 
bonding of al! rigid polystyrene foams to themselves, to metals 
wood, masonry, other plastics for high efficiency, lightweight 
insulation for building construction, industrial equipment 


without fear of cell collapse 


} 


























‘CUSTOM-TAILORED” DRYING TIME WHY SOLVENT-FREE EPOXIES? 


in the series 
ly Others 
ay betwee 

ssemb! 
ponents . 
} vi a vold-filling adhe 

Either way, they enable y t vel - 
’ . st “creep at temperat 

come the key a 
: sottening point 
, at that! 


selve or to metals, wood, emer! : ; 


bonding these 
board, or other materials, 
high strength, m 
M688 
r technical dz 
properties rubber-resins 01 


ut your specific pr 
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B.EGoodrich 


B. F. Goodrich Rivnuts -the only 


one-piece blind fasteners 
with threads 





























i how Rivnut 
Aviation Pr 
Dept. DD 


Rivnuts provide at least 6 clean threads in one simple operation 


Gi | W 
4 d i 


1 Rivnut is threaded onto 2 Rivnut is inserted—head 3 Tool lever operates pull- 4 After upset, Rivnut threads 
pull-up stud of a manual firmly against work — tool up stud, forming a bulge ore still clean and intact 
or pneumatic heading tool. at right angles to work in the Rivnut shank 











ready for screw attachment 


B.EGoodrich aviation products 
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Catalogs and Bulletins continued 


(S-7) Antifriction Bearing Screw— 
Catalog, 12 pp. Describes principle 
of operation, basic operations, advant- 
ages, available assemblies, basic test 
work and applications. Roton Prod- 
ucts, Div. of the Anderson Co., Gary 
40, Ind. 


(S-8) Industrial Retaining Rings— 
Catalog, 16 pp. Engineering specs on 
entire line or supplemented by di- 
mensional drawings. Industrial Retain- 
ing Ring Company, Dept. PB-31, 57 
Cordier St., Irvington 11, New Jersey 


(S-9) Blind Rivets—Catalog and test 
report, 8 pp. and 3 pp. Applications, 
specifications and driving-sequence in- 
structions. Evaluation report covers a 


test of fasteners subjected to environ- 


Insert and Set mental 
From Same Side 


ety bomber. Deutsch Fastener Corp., Post 
v sta . . sate 
Office Box 61072, Los Angeles 61, 
California 


conditions in a supersonic 


(S-10) Fasteners—Handbook, 20 pp 
Facts on fasteners, including charac 
High Clinching Action ke 


Pulls ports together with up ’ Cut Assembly Costs teristics and properties. Covers all 


types of fasteners available. Lamson 


e Solve Design Problems & Sessions Co., 5000 Tiedeman Rd., 


to 600 Ibs. squeeze. Elimi- 
notes need to clomp. 


Cleveland 9 


@ Installed and set 
from same side (S-11) Socket-Head Cap Screws— 


Grip Range Booklet, 8 pp 
. wee —_ " » *“POP”’é Rivets cut installed fastener costs, } : : 
ee Seen on ibi ; ass _ relationship between torque, tension 
chasing, inspection. Same add design flexibility, and increase assembly con- 
\ wath “POP” Rivet holds venience because they are inserted and set from | and strength of the assembly. Dis 
oa through thick or thin. the same side. Up to 1200 can be set per hour 
. right on the assembly line — even by an un- ‘ 
skilled operator. dimensional drawings, performance 


Describes the direct 


cusses design and assembly. With 
en —~y 
\ “POP” Rivets are precision made, hollow charts and specs. Strong, Carlisle & 
rivets assembled on i. solid ~ eee ene. Hammond, Div. White Sewing Ma- 
The setting tool pulls the mandrel head into the : z ne mel ees 
Vibration Proof rivet from the front side, setting the rivet on the chine Corp , 1392 W. 3rd St., Cleve 
“POP” Rivets cannot back reverse side. Mandrel breaks under tension of up land 13. 
out or become loose. En- to 1600 lbs. and falls free. 
sures tight assembly for You can cut installed costs, increase assembly 
yeors of use. convenience, and secure high speed, trouble-free 
fastening immediately with ‘““POP”’ Rivets. No x. A general review of line of f 
need for complicated or extensive re-tooling. Pp. “4 general review « ne ¢ ast- 


Simplify product design, cut handling time. Call eners. With illustrations, cutaway 

or write us today — now - - and start cutting drawings, dimensional drawings and 

your installed fastener Costs with ‘“‘POP”’ Rivets! Pee ete § 
—_> Or better still, send us a sample assembly for engineering information 


Simmons 
Low Head Profile riveting. | Fastener Corp., N. Broadway, Albany 
Where space is important, | 1. NY 
“POP” Rivets’ minimum head 
height eliminates clearance 
problems ond improves ap- 
pecrance. 


(S-12) Fasteners—Catalog 1257, 40 


(S-13) Die-Cast Threaded Fasteners— 
Catalog 8 pp. Describes line of stand 
ard stock fasteners. This includes 
many types obtainable only on spe- 
cial order from many sources. With 
Least Beck-Up Spece 

Strong, high strength “POP” ings. A special section discusses in 
Rivets need only enough 

bock-up space to provide 


jection-molded nylon fasteners. Gries 

™ ° DIVISION 
room for set head. Gives 2 eB pl CORPORATION Reproducer Corporation, 125 Beech- 
more compact design. West Medway, Mass. © Phone: Keystone 3-6611 wood Ave., New Rochelle. New York 


photos, specs and dimensional draw 
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Now 
ImpHove 
design 
five 
ways 


WAN TT TT) NY A\ | 


NATIONAL RETAINING RINGS are the economical, simple method of 
Save Space locating and positioning machined parts or bearings on shafts, pins 
or in housings. Each application results in substantial cost reduc 
Reduce Weight tions as machining or grinding shaft stock to form shoulders is 
eliminated. National Rings simplify product design, save space and 
Save Materials weight. Rings are available in a wide range of finishes to meet 
specific requirements. 
ASK A NATIONAL ENGINEER for assistance on your specific retaining 
Reduce Production "ig application—his experience includes service-proven applica 
. tions on instruments, tools, engines, heavy machinery, toys...thou- 
Operations sands of products of metal, plastics and wood. Ask for complet 
information on cost-reducing National Retaining Rings 


Speed Assembly 


Standard rings available 

in round, square and rec 

tangular types in carbon Type XRO Type WA Type XRC 
spring steel. Bronze bery! Type ZH (round yp round 
lium copper, stainless steel! (internal) open (annealed . 
aluminum and special types closed 
custom designed to your 

exacting specifications 


Type YH 


externa! 


THE NATIONAL LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY MILWAUKEE 2, WISCONSIN, U.S.A 


Product Engineering — Mid-September, 1958 CIRCLE 393 READER SERVICE CARD (29 





Ge FASTENING AND JOINING 
How many of your products employ 


HOW MANY WAYS CAN laborious, old-fashioned fastening meth- 


‘ 0 ods where simple fasteners could do the 
) job and cut costs, too? How 
AD Fottonor’ many parts and sub-assem- 


blies can be adapted to include a self- 
CUT COSTS FOR YOU? 


fastening feature? How many future 
products could be improved by advance 
planning for fastener efficiency ? 


: a mY 
POLYETHYLENE | 

MOUNTING FOOT 
No mar, no scratch: 
glide for use on TV 
receivers, record 
changers, smali ap- 
plionces, etc. Assem- 
bles into round hole 
in wood or metal 
cabinets. 


United-Carr’s engineering staff offers you a wealth of ex- 
perience in the design of special-purpose fasteners and 
self-fastening devices. Large-scale manufacturing facilities 
(including in-plant plastics molding equipment) ensure 
economical, volume production and prompt deliveries. 
United-Carr field representatives are ready to call on you 
at your request. 


NYLON SNAP-IN NUT 


Snaps into square 


THREAD CUTTING FASTENER 


Re-usable, self-lock 


QUICKEY FASTENER 


hole stomped out of ng, vibration-proof 
sheet metal.. . pro fastener vts clean 


vides secure anchor deep threads on un 


' est 3, elimin threaded chrome 
€ ,¢ plated studs vo 


able for s 


age for any sheet 
metal or self-tap 
ping screw... highly 
effective electrical studs. Can be 
insulator driven with standard 


wrenches 


PLUG BUTTONS FISHTAIL RATCHET PLATE TRIMOUNT STUDS 


Snap into '%" to 3” 
dia. holes. Can be 
embossed with orna- 
mental or functional 
designs . . . various 
finishes, shapes and 


sizes. 


& 


Holds on smooth, 
die-cast metal or 
plastic studs to an- 
chor name pictes, 
trade marks etc. on 
applionces, automo- 
biles, electronic ap- 
paratus, etc. 


‘ 
AS 


Hold two or more 
ie et eee 
real together Easily 
instatled by hand. tn 
ure vibrotion proof 
ottachment Perma 
nent or removable 
Many shopes and 


sizes 


DURABLE DOT FASTENER 


+ 6 


Snap fastener for 
cloth, leather, plas- 
tics and other mate- 
rials. Positive clo- 
sure, instant release. 
Black, nickel or brass 
finish 


CARR FASTENER COMPANY 


Division of United-Carr Fastener Corp., Cambridge 42, Massachusetts 


MAKERS OF FASTENERS 
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See how Du Pont Rivets answer 
4 basic product design requirements 


Aluminum roof is fastened from the top to carousel 

at Rockaways’ Playland, N. Y.—with Du Pont Rivets 
1. WORKABILITY: You can rivet hard-to-reach parts of 
your product easily and quickly with Du Pont Industrial 
Blind Expansion Rivets, for greater freedom in design 
Merely apply a heated riveting iron to the head of each 
rivet for as little as 14 second and a small chemical charge 
expands the rivet shank to lock the rivet in place 


Cal Det Products of Calif. uses Du Pont Rivets for 
efficient, easy manufacture of this rotisserie. 


3. LOW COST ASSEMBLY: This quick fastening method 
can cut your assembly costs. Operation is simple: Just 
drill holes, insert rivets, and expand them. You lower 
your rivet inventory too—a single Du Pont Rivet accom 
modates varying metal thicknesses. Available in diam 


eters of '\", °s2”, , and 
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Call your jobber for more 
information on Du Pont In 
dustrial Rivets, or write 
E. I. du Pont de Nemours 
& Co. (Inc.), Explosives 
Dept., 2543 Nemours Bldg., 
Wilmington 98, Del 


Better Things for Better Living 





look to over 





Du Pont Rivets give neat, “finished 

100 doors at Philadelphia's International Airport 
2. NEAT APPEARANCE: Du Pont Blind Rivets add to the 
neat appearance of your product. Smooth, solid head 
blend with the metal—and need no after-finishing, buf 
ing, trimming, or cutting. You can get Du Pont Rivet 
with modified brazier or 100° countersunk heads—mad 
from aluminum, brass, nickel-plated brass, and nickel 


Brunswick-Balke-Collender increases chair production 
25.6% with Du Pont Rivets—and one less man on line 


4. PRODUCTION SPEED: One man can easily s 

Du Pont Rivets per minute. You don’t hav 

You don’t maintain close drilling tolerance ris 

pand to fill slightly oversized holes. Try Du Pont Blind 
Expansion Rivets for blind open work—for tast 
simple fastening 


DU PONT INDUSTRIAL 
BLIND EXPANSION RIVETS 


A Product of Du Pont Research 
through Chemistry 


G3! 
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Koa 
National SPECIAL PRODUCTS SERVICE 


Precision parts wif 
excellent surface finish 


closely held tolerances 


like this 


cold headed more economically and quickl) 


Small parts like this can be produced, by cold 
heading, in huge hourly volume and at low 
unit cost 


Get strength at 


low cost with 


COLD HEADED 
SPECIALS! 


You can make remarkable savings and get better parts 
in many cases by letting us duplicate and improve 
on parts you previously have had machined, cast or 
forged. It’s possible with Nation=| cold heading! 
What’s more, we can quickly tell you whether cold 
heading would be an advantage for new designs. 


Here’s how National cold heading reduces unit 
costs ... gives you better parts! 


You save on production costs, because cold heading 
is fast . . . production rates of 50 to 300 pieces per 
minute are common. You don’t pay for waste. Scrap 
loss in cold heading is negligible. You save on cost 
of extra operations, because cold heading eliminates 
them entirely or reduces their number. And most 
secondary operations, when required, can be per- 
formed automatically in mass production. 


Cold heading assures strong, sound parts with 
good finish and excellent resistance to fatigue, 
shear and impact! 

You’re sure of strong parts because cold working 
increases the strength of steels and nonferrous metals. 


| , 
WATT TIA 


mwurexxex’ 


fricate formations 
costly by other methods 


the } ) nor 
the cold heading pr 


Subsequent heat-treatment or hardening can produce 
practically any degree of physical properties you 
desire. 

You're sure of sound, clean parts because any defects, 
such as seams and inclusions, will open up in cold 
working . . . resulting in automatic rejection. 

You're sure of superior fatigue, shear and impact 
resistance because cold heading produces continuous, 
unbroken flow lines in the grain of the metal... 
impossible to obtain by any other method. 

You're sure of good surface finish, with a maximum 
of 50 micro-inch on cold headed surfaces. Cold head- 
ing won’t cut or break the specially prepared, smooth, 
compressed and toughened surface of the rod. 

National’s cold heading specialists have many 
years of design and production experience. Combined 
with National’s tremendous facilities for cold head- 
ing and secondary operations, this assures you of 
outstanding work and help in design and production 
of your parts. 

Write for National’s booklet, Special Products. 
To learn more about what National cold heading 
can do for you, send us your specifications or call 
in your nearest National representative. 


THE NATIONAL SCREW & MFG. CO. + CLEVELAND 4, OHIO 
District Sales Offices: Chicago, Cincinnati, Detroit, New York and Philadelphia. 





Sales Representatives in: Boston; Dallas; Denver; Greensboro, North Carolina; Kansas City, Missouri; Lansing, 
Michigan; Rochester, New York; Memphis; Milwaukee; St. Louis; St. Paul; Montgomery, Pennsylvania; San Francisco; 
Portland, Oregon; Indianapolis, 
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FASTENING SPECIALTIES BY Nicione/ 


Get more dependable holding 


7 


®. 


power for better product assembly with these 


National SPECIALTY FASTENERS! 


i 
| 


; 


es 


( 


a 


“%; 
=~ 


“ 


Lok-Thred® Bolts, Studs, Screws—Seal 
and lock against involuntary loosening... 
Lok-Thred re-forms the metal of the receiving 
thread under high compressive stresses into 
intimate contact with itself, eliminating all 
voids. Yet, it’s fully re-usable. Requires no 
selective fits. Can be used with ordinary tools. 
Available in all sizes of bolts, studs, screws. .. 
No. 6 or larger. 


Spin-Lock® Fasteners—Give you strength 
at low cost, with self-locking, ratchet-tooth 
action . . . Spin-Lock machine and tapping 
screws have angled teeth to permit fast, easy 
tightening. They require about 20% greater 
torque to loosen. Available in pan, truss, flat 
and hex heads; slotted or Phillips recessed 
heads; No. 4 to 3x” diameters, lengths from 
twice diameter and up. 


. SSS Ce 


Thread Cutting Screws—For joining metals 
or plastics without tapping ... Use wherever 
it is desirable to remove rather than displace 
thread material. Four types: 1, 23, 25, and F 
cover most applications. Phillips or slotted 
heads, all styles, all sizes. Also type A and B 
tapping screws for fastening light sheet steel or 
light gauges of other metals. 


Lock Nuts—Three types, to mect every 
requirement. .. 1. Huglock, for locking with- 
out seating and under adverse conditions. 
2. Marsden, free-running until seated . . . for 
minimum-cost locking. 3. Drake, a two-piece 
design for use under severe stresses, shock, 
vibration. All types are all-metal, fully re-usable 
without loss of positive locking action. 





Welding Fasteners and Weldnuts—Provide 
trouble-free assembly of fabricated metal 
parts ... Use National welding fasteners when 
primary fasteners must be cleanly welded into 
exact position. National's complete line of 
projection welding screws and nuts is available 
in stock sizes, for optimum welds in materials 
.030 to 14” thick. We will develop special 
designs for you. 


Flex-Head® Locking Screws—Self-locking, 
highly resistant to fatigue, shock, impact... 
Tight locking results from flexing of the head 
and axial spring tension produced when fully 
torqued against a rigid seat. Flex-Head screws 
are identical in dimension, and interchangeable 
with standard machine screws. Made of 1022 
steel and heat-treated for top strength 


Tuff-Tite® Cushioned Fasteners—Seal 
openings, eliminate vibration noises, ab- 
sorb shock... Pre-assembled neoprene wash- 
ers also prevent finish marring! Available as 
tapping screws, thread cutting screws, machine 
screws, roofing bolts, stove bolts, or wood 
screws; with Phillips or slotted heads; pan, 
round, truss or hex head styles. 


Place® Bolts—Self-locking ... resist impact, 
shock and fatigue failure by controlled 
spring action of reinforced, diaphragm 
head... Place bolts resist involuntary loosening 
when rigidly seated. Typical uses: connecting 
rod bolts, main bearing cap screws, flywheel 
bolts. Available in high carbon or alloy steel, 
in a wide range of sizes 


NALS 
secenoocndareert ’ 


¢ 


Save yourself time and trouble in searching for the right fastener. Make National your one source for 
standards, specialties and special designs. Our standard line includes all types and sizes . . . nuts, cap 
and set screws, machine bolts, carriage, step and elevator bolts, plow bolts; Phillips recessed head, or 
slotted, Sems, machine screws, wood screws; stove bolts, pipe plugs, cotter pins and rivets 

National can supply any nonstandard fastener, or design and produce specials for you. Write for 
National's Special Products booklet, or for information on the fastening specialty that interests you. 


THE NATIONAL SCREW & MFG. CO. * CLEVELAND 4, OHIO 





>» 


Fasteners / Hodel!l Chains 
© 


Chester Hoists 
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OHIO WELD SCREWS 


AS THE PRIMARY FASTENERS IN FASTENER 
ASSEMBLIES MEAN 


LIGHTNING-FAST APPLICATION BY RESIST- 
ANCE WELDING 


PRIMARY FASTENER PERMANENTLY POSI- 
TIONED 


SPLIT-SECOND ASSEMBLY OF PRODUCT 
COMPONENTS — MADE POSSIBLE BY PRE- 
ATTACHED PRIMARY FASTENER 





Sams 


HH SCREWS—Used where a 
single, button-type projection 
GW SCREWS — Used where is required when welding to 
design requires a smooth un curved surfaces, to heavy sheet 
marred surface and a fastener or thicker, or to ends of 
permanently fixed in place rods 





= 


HW SCREWS—Used where a RW SCREWS—Used where a 
self-locating through bolt is re hermetic seal is required to 
quired to be fixed securely in prevent leakage of air, gas 
place so that it will not turn water, oil or dust, or when 
and flush surface is required welding to perforated metal 
for attaching mating parts or wires 





~j of 


DW SCREWS—Used where a SS SCREWS — Used where a 
projection weld screw is re screw with narrow head is re 
quired and confined location quired to be spot welded in 
necessitates a narrow head place 








SS aomie 


PD SCREWS—Used where it CS SCREWS — Used where a 
is desirable to place a 

eestied eostien en the ofes hermetic seal and a screw are 
“pag _— » ge needed on both sides of the 
slliaclctaaes sheet as on transformer can 
relay points 








oO | OVER 50 YEARS OF BETTER FASTENING 


Samples and information available upon request. 


THE OHIO NUT & BOLT CO. 
41 First Avenue « Berea, Ohio 
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when 


old-fashioned 


fasteners 
won't 
work 


Specify 
BANC-LOK 


” BOOTS 


New, self-locking threaded Inserts 
and Tapped Holes. 


Designed primarily for materials too thin 
or too soft to sustain threads. 


BANC-LOK threaded Inserts are ideal for 
blind fastening, economical, reusable 
and eliminate extra locking devices. 


BANC-LOK Tapped Holes are designed 
for sheet materials too thin to tap. 


BANC-LOK Inserts and Tapped Holes re- 
quire no special tools . . . simply push 
into round holes. Available in aluminum 
alloy, BANC-LOK Inserts may be ordered 
in any size and material. 


Write for samples and catalogue. 


AN APPROVED 


“=O” 


BOUTS: Hhrcrafl, NOT corr 


BANC-LOK DIVISION 
NEWTOWN TURNPIKE * NORWALK, CONNECTICUT 
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IT PAYS TO STANDARDIZE ON STANSCREW 


eN\ 
38 
: \ 


md 
Lor *> 


Stanscrew fasteners meet DoALL standards 
for high strength, rigidity, “clean” design 


This outstanding machine was developed by the 
DoALL Company to handle industry’s largest, 
toughest cut-off jobs. Not a beefed-up model of 
existing machines, this “biggest band saw built”’ 
is a unique new design. As one example, the 
cutting head travels vertically, but cutting takes 
place on the lower edge of the top saw band. 

The new design of this unit, Model C24, 
therefore represents an entirely new concept of 
rigidity, applied power, and precision control. 
These basic considerations dictated the selec- 
tion and application of every part . . . including, 
of course, the fasteners. 

Small wonder, then, that DoALL’s design en- 
gineers, after consultation with Stanscrew’s fas- 
tener specialist, selected Stanscrew socket cap 
screws for vital applications such as attaching 
hydraulic cylinders. These reliable fasteners pro- 
vide the high strength needed. Correctly ap- 


‘ 


i} 


plied, they give assurance against misalignment 
even after extensive use—a must in this pre- 
cision machine. And, by permitting flush, snag- 
free surfaces, the fasteners also contribute to 
the C24’s superior styling. 

Like DoALL, other leaders of American in- 
dustry are learning the advantages of calling in 
a Stanscrew specialist when a new product is 
on the drawing boards. His wide experience can 
often suggest ways to cut fastener or assembly 
costs .. . for example, by substituting a standard 
fastener for a costly special. He can make sug- 
gestions from Stanscrew’s complete line of over 
4,000 types and sizes, always in stock and 
quickly available. 

So whatever your requirements in fasteners, call 
your Stanscrew distributor today. He will gladly 
arrange for a prompt visit from the Stanscrew 
fastener specialist. 


STANSCREW FASTENERS 


A i REW COMPANY, HARTFORD, CONNECTICUT 


CHICAGO | THE CHICA REY Y, BELLWOOD, ILLINOIS 
HMMS | HARTFORD MACHINE SCRE MPA ! 
WESTERN | THE WESTERN AUTOMATIC MACHINE SCREW COMPANY, ELYRIA, OHIO 


Wh 


STANDARD SCREW COMPANY 2701 Washington Boulevard, Bellwood, Illinois 
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FASTENING 


self-locking 
set screw 


for every problem! 


And, every Setko Self-Locking 

set screw is an ace performer! Each 
one depends on a specific design 
principle to lock fast. 
They provide positive locking 
action speed assembly and cut 
costs by utilizing standard driving 
techniques don't require special 
tapping. All are available in regu- 
lar points, patented Nu-Cup point, 
and standard sizes and threads. 
With the Setko System, they can 
be hopper-fed in sizes as small as 
#2 (.086" x Ve”) 


ZIP-GRIP ® SET SCREWS 


Exclusive Contra-Thrust 
action locks at any 
point. Solves problems 
of loosening due to 
wear, clearance in the 
thread, or vibration 
Can be re-used 


OFFSET SET SCREWS 


When driven, two off- 

set edges in threaded 
portion exert powerful 
spring pressure. Not 
affected by extreme 
variations in tapped 
holes. 


CREST-LOK SET SCREWS 
New, original design 
doesn't require precise 
tapping. Can be re-used 

repeatedly. Amount 
of lock can be altered 
by changing tap drill 
size. 


~ POINT-LOK SET SCREWS 
This design ends top- 
screw loosening on 
two-screw applications. 
Lower screw can be 
locked with Point-Lok 
without disturbing 
Original setting. Can 
be re-used 


SPRED-LOK® SET SCREWS 
This design is for soft 
metal applications. Top 
is “spread”’ slightly to 

take up “flow” of soft 
metal. Can be re- 
used. 


FREE,New “SELECTOR CHART” 
of Self-Locking Set Screws 
Illustrates and describes complete 
of Setko locking 
points, metals, combi 
nations, etc. WRITE 
TODAY Also ask 


for our complete 


range actions, 


catalog No. 21. 


crevy 
& D4 fg. Co. 


153 Main Street, Bartlett, Illinois 
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Catalogs and Bulletins continued 


Fasteners 

Lists all 
item in the 
line plus extra stock items. Issued four 
times a year. H. M. Harper Co., 8299 
Lehigh Ave., Morton Grove, Ill 


(S-14) Corrosion-Resistant 
Net-price catalog, 84 pp. 


sizes of every standard 


(S-15) Controlled Preload Fastener— 


Brochure, 4 pp. Describes advant 


ages, gives specs, discusses tooling 


With curves, charts and dimensional 
Hi-Shear Rivet Tool Co., 


247th St., Torrance, Calif 


drawings. 
2600 W 
(S-16) Self-locking Socket Screws— 
Brochure, 4 pp. Contains specs and 


illustrations, lists standard sizes 


Tables location of 
pellet, type of 


torque for 


give self-locking 


thread and locking 
Also des- 
cribes operational principle. Cleveland 
4444 Lee Rd., 


each fastener. 


Cap Screw Co., 
land 28 


Cleve- 


(S-17) Locknuts and Fasteners—Cata- 
log, 28 pp. Product descriptions, il- 


lustrations, dimensions, screw-tension 
ratings, materials, finishes, typical ap- 
plications. Gives details of design and 
locking principle, high-speed wrenches 
and assembly 
data. Palnut Co., 61 


tainside, N.J. 


applicators, and 


Moun- 


cost 


Glen Rd., 


(S-18) Drive-pin Blind Rivets—Data 
file, with 16 pp catalog and three bul 
letins. Describes applications of a new 
Includes technical data, 
and 


line of rivets. 
dimensions Deutsch 


Box 61072, 


weights. 
Fastener Corp., P.O 


Angeles 61. 


I Os 


(S-19) 
( atalog 


pp and 


Special Purpose Fasteners— 


and engineer's guide 7-La, 16 


8 pp. Catalog describes line 


of fasteners specifically designed for 


unusual or special needs. With dimen 


sional information. Guide is condensed 


catalog. Lists, in tabular form, prin- 
ciple of operation, physical charactet 
istics, and 


purpose application, and 


size available. Lamson & Sessons Co.., 


5000 Tiedeman Rd., 


Cleveland 9 


(S-20) 
4 pp 


Microsize 
Size 0 


Fasteners—Bulletin, 
through 3 socket-head 
cap screws and set screws with nylon 
self-locking 


inserts are described and 


illustrated. Reviews design and proc 
essing features. Specs and ordering in 
Standard Pressed 
Box 545, 


formation are given 
Steel Co., 


Penna 


Jenkintown, 





Industrial 
Series 1000 — 
External rings 


Industrial 
Series 2000 — 
External rings 


Industrial 
Series 3000 — 
Internal rings 


Industrial 
Series 3100 — 
External rings 


INDUSTRIAL 


RETAINING RINGS 
cut costs, 
simplify assembly 


Precision-engineered INDUSTRIAL Retaining 
Rings ... internal, external and open types 

. are available in a wide selection of sizes 
and finishes. Solve your fastening problems 
simply and economically with the rings 
that cut machining and tooling expense, 
save material, simplify and spec d assembly. 
Series 1000 and 2000 are available stacked 
for quickest application. 


Write for free ring samples and catalog. 


IRR 


INDUSTRIAL RETAINING RING COMPANY 
Dept. PW-2, 57 Cordier Street 
irvington 11, New Jersey 


Originators of 
modern retaining ring 


dispensing 
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DIAMETERS 


FASTENING AND 


JOINING S| 


True spring coils give SPIROL pins 
extra strength in all sizes 


Spiral coils make a true spring . give SPIROL pins 


full 360° radial tension when compressed in a hole 

develop no critical stress concentration at any point 
This spiral spring action increases pin strength... 
produces high shock-and-vibration resistance even in 
32” diameter. SPIROL 
pin’s unique cross-section offers unequalled advantages 
Wider hole both 


. Non-heat-treated 


miniature sizes as small as 1 


in many applications: tolerance es - 


plus and minus metals — such as 


low 


’ | | 
cost brass, copper, nickel, stainl 


corrosion or conductivity are desired 
heavy, I edit m, light 


permits use of “medium 
tions Cost reduction 


ances, easier insertion, reusal 


and servicing. No other type of pin 
offers all 


design 
flexible the qualities and benehts 


with SPIROL, the true spring pin 


FREE! Write for complete literature on SPIROL spring pins, including price list 


C. E. M. COMPANY e¢ 115 SCHOOL STREET ¢ 
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DANIELSON, CONNECTICUT Phone: PRescott 4-241] 
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Catalogs and Bulletins continued 


(S-21) Fasteners—Catalog 8-416, 12 
pp. Covers fasteners, blind rivets and 
driving tools, design, specs and uses 
Drying cycle for each fastener is il- 
lustrated. Tools are briefly discussed. 
[Typical commercial applications are 
shown. Huck Mfg. Co., 2480 Bellevue 
Ave., Detroit 


(S-22) Industrial Fasteners—Catalog, 
8 pp. Engineering data is provided 
on line of special fasteners. Dimen- 
sional drawings, specs and important 
features are included. Simmons Fast- 
ener Corp., North Broadway, Albany, 
l, N.Y 
FLOATING CLINCH NUT FLOATING WELD NUT WELD BOLT 

(S-23) Quarter-Turn Fasteners—Cata- 
Write or Phone for our latest catalog covering our log, 24 pp. Describes three separate 
complete line of standard Weld and Clinch Nuts and Bolts lines of quick fasteners. Dimensional 
data, comprehensive installation and 
THE McLAUGHLIN COMPANY Completely illustrated with product 
29505 W. Nine Mile Road—Farmington, Michigan—KEnwood 5-4880 application information is included 
co ae oe pictures, applications and dimensional 
: —_. drawings. Fastex Div., Illinois Tool 
Works, 195 Algonquin Rd., Des 

Plaines, Il 


(S-24) Shaft-Retention Fasteners— 

Booklet, 8 pp. Describes and illustrates 
CIRCLE 404 READER SERVICE CARD line, explains pilot-tooth design. In- 
cludes dimensional data, specs and has 
application information. Fastex Div., 
Illinois Tool Works, 195 Algonquin 
Rd., Des Plaines, Ill 


ght CLAMP 
C, AM ; (S-25) Cold-Headed Fasteners—C ata- 
. = log 106, 16 pp. Handbook on design 
PAR] Z and use of cold-headed specialties and 
THE ; 
NS 


2 a es ee Oe 


other fasteners and small parts. In- 
cludes cost and design advantages, 
manufacturing possibilities, and data 
on metals and finishes. John Hassall, 


Inc., Westbury, L.I., N.Y 
TOGGLE CLAMPS 


and PLIERS 
(S-26) Stainless Steel Fasteners—Stock 
‘ Over 80 types and sizes from list, 8 pp. 37 standard fasteners 1l- 
step J 4a” Midget to 125%” Clamp. lustrated. Data on sizes, threads, head 
Le PLIERS, from’. Jaw Midget and point styles and grades of stain- 
FIXTURE CLAMPS to 4'% wide Jaw. less steel are included. Allmetal Screw 


Over 170 Styles and Sizes Featuring REAMED HOLES, for better Products Co., Inc., 821 Stewart Ave., 
bearing — HARDENED BUSHINGS — Garden City, Long Island, New York 
WESPO fixture clamp assemblies save up to 70 SERRATED to prevent turning—HIGH ; - 
percent on your designing ond machining. They TENSILE STRENGTH RIVETS for longer 
are standard with leading manufacturers service (S-27) Fasteners— atalog, 16 pp. Ex- 


1,000 TYPES & STYLES OF COMPONENT PARTS ' plains two fastener types and their 
driving cycles. Material, heat treat- 
Write for . = hp 
Catalog of ment specs, finish specs, strength prop- 


“Toggle Clamps ~ erties, installation, shop practice notes 
or Fixture 


i 2 ata are provided. 
Clomps & Ports ind dimensional data are provided 


[ypical installations illustrated. Huck 


WEST POINT MEG. ee. Mfg. Co., 2480 Bellevue Ave., De- 


26929 W. 7 Mile Road * Detroit 19, Michigan troit 7, Michigan 
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R B-W EASTENERS SOLVE 
SPECIAL PROBLEMS 


Cold heading creates quality parts the low cost way 


Metal forced to cold flow into shape results not only ELIMINATE EXTRA OPERATIONS. |. 
in savings but also in stronger parts. With uncut flow formerly made by riveting flat d t 
lines, the piece is better able to withstand stress con emerges as a stronge) 

centrations. 





ONE PIECE BETTER THAN TWO. | 


No value analysis of product components is really clamp screw has inte 
complete without exploring what cold heading ma- wrest 
chines can do. Some examples: 


S is torced p t fo! 
ae 

Before, piece was i! 

) ai cr y 


al ad a I ! i’ 


FASTER THAN FORGING. Shift 
tage fi rging yp ration. The 
speed Trom conti $s roe 


METAL FLOWS TO SHAPE—NO WASTE. 
cut on screw machine nsert re for } 


t 40 





TENSILOCK* SCREWS AND 
MARSDEN SPIN-SEAL* SCREWS 
LOCK NUTS 


One-piec 
ning 


tr ‘ 
N ype ol Ch 


< 








STAKED NUTS | Wh) WELDING FASTENERS 





RUSSELL, BURDSALL « WARD BOLT AND NUT COMPANY 


Plants at: Port Chester, N.Y.; Coraopolis, Pa.; Rock Falls, Ill.; 
Los "Angeles, Calif, Additional sales offices at: Ardmore (Phila). RB&W fasteners—Streng Point cf any assembly 
Pa.: Pittsburgh; Detroit; Chicago; Dallas; San Francisco 
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depend on... 


NATIONAL LOCK 


for all your appliance hardware 


and fastener requirements 


RANGE HARDWARE + HANDLES 
REFRIGERATOR HARDWARE 


BUTTS - CONTINUOUS HINGES 
CABINET HARDWARE + CATCHES 


LATCHES + CASTERS + PLASTICS 
SHELF SUPPORTS - SCREWS 
BOLTS + STAMPINGS 


SPECIAL-PURPOSE FASTENERS 
“ ” 
all frome Lsmunce 


Simplified purchasing and inventory control... 
dependable delivery . . . all are a part of the 
service when you order your quality hardware 
ALL FROM | SOURCE .. . from NATIONAL 
LOCK COMPANY. National Lock standard 
and custom-built products are quality controlled 
and competitively priced. * Send us your 
“specs”, you'll readily see how our extensive 


engineering facilities can save time and money 


right down your production line. 


Rockford * Illinois 


pene Industrial Hardware Division 


NN NATIONAL LOCK COMPANY 
ha 
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For fixed’ fastenings or 





‘hard-to-reach’ assemblies 
USE 


GRIPCO 
CLINCH NUTS 


Available with or 
without GRIPCO 
LOCKING FEATURE 











S) TYPICAL APPLICATIONS 
WUT & 


nuT NUT + 
CLINCHED SOLID STAKED-IN HEX HOLE BE- MAJOR APPLIANCES 


TO FLOAT FORE CLINCHING ron LEG 
For positive attaching of a threaded Seavade 
medium to thin metals. They are | Oe 


clinched solid for a rigid application, or 
staked in with a six point staking punch TRACTOR SEATS 
for a floating effect.Can be automatically 

fed and clinched. Gripco Clinch Nuts 

can be clinched or staked with hy- 

draulic or air equipment. Large inven- 
tories carried for immediate shipment. 


Full details available—write for samples 
and NEW CATALOG today. 





tee ~~ 





NUTcompany ¢acH 
102 Maple Ave. > 4 


South Whitley, Ind. busuu- 
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THE MOST COMPLETE SOURCE 
ON THE EAST COAST 


MACHINE SCREWS 
WOOD SCREWS 













COLD HEADED 
PRODUCTS 


Hy 
Ir IN ALL’ METALS 


|| IMMEDIATE DELIVERY 
Catalog on Request 











AUTHORIZED DISTRIBUTORS 
PARKER-KALON prooucts 
SHAKEPROOF prooucts 


BOLT & NUT CORP. 


WO 4-4600 









125-P CHURCH ST. 


NEW YORK 7, N.Y. 
NASHVILLE, TENN. SALES & WAREHOUSE 919 5th AVE. SOUTH 
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Catalogs and Bulletins continued 


(S-28) Plastic Knobs——Catalog, 8 pp 
Contains diagrams, dimensions and 
specs of a representative selection of 
standard knobs. Waterbury Co., Inc., 
555 Washington St., Waterbury 20, 
Conn 


(S-29) Industrial Fasteners—Bulletin, 
4 pp. Reviews fasteners for produc- 
tion assembly and maintenance appli- 
cations. Gives range of sizes, mate- 
rials, finish and other specifications 
Standard Pressed Steel Co., Box 545, 
Jenkintown, Penna 


(S-30) Lead Error — Monograph, 16 
pp. Discusses deviation in spacing of 
successive thread turns. Explores anat- 
omy of lead error, its mathematics, 
most common causes, and means for 
detecting and preventing it. Standard 
Pressed Steel Co., Box 545, Jenkin- 
town, Penna 


(S-31) Stainless Fasteners Catalog, 
48 pp. Stock list and data book. Part 
1 includes illustrations, thread and 
design specs, and availabilty of cor- 
rosion-resistant metals for 40 basic 
fastening devices. Part 2 gives engi 
neering data on composition, proper- 
ties, applications and weights of stain- 
less steels. Allmetal Screw Products 
Co., Inc., 821 Stewart Ave., Garden 


— FASTENERS COST MONEY! 


(S-32) Self-locking Threaded Parts ... BIG MONEY! Last year industry spent over $200,000,000 
Manual, 4 pp. Explains self-locking right for fasteners. And many hidden factors in f 

affect production, assembly and maintenance costs! That’s why de 

; ; engineers recognize Chandler as leading manufacturers of dependal 

to any threaded part. Included are “AN”, “NAS”, “MS” and special bolts. Made from high carbon, all 

basic engineering recommendations, super-alloy and stainless steels, cold-forged Chandler fasteners 

plus a check list for the design of precision engineered, produced to close tolerances and constantly 

threaded parts to take advantage of spected to assure maximum resistance to stress, shear, vibration 

- quality fasteners mass-produced at a realistic price t t 

special requirements, specify Chandler fasteners by n 

today for complete information. 





istener select 


principle and how it can be applied 


the process. Nylok-Detroit Corp., 
1100 N. Woodward Ave., Birming- 
ham, Mich 


ad 


(S-33)  Self-locking Bolts Cata- = HANADIER 1497 Chard 


log, 8 pp. Gives principle of opera PRODUCTS 


: CORPORATION Cleveland 17, Ohio 
tion, engineering standards, and tight- : 


ening information Performance 
curves, tables, and dimensional draw- 
ings illustrate the booklet. National 
Machine Products Co., Utica, Mich 


} 


(S-34) Clamps and Fasteners—Cat 
alog CF 57, 16 pp. Photos, diagrams, 


Wipe — 
wo ers 


descriptions, specifications and order- 
ing information are incorporated. Spe- 
cialty Hardware Dept., Bassick Co., 
Bridgeport 5, Conn 


MMi 
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FASTENING AND JOINING 
SLIP RING Sete: 
ASSEMBLIES | 


BRUSH HOLDER 
ASSEMBLIES 


BRUSH 
CONTACTS 


e@ DESIGNED 
FOR YOUR APPLICATION 


e BUILT TO YOUR SPECIFICATIONS 





A long, close acquaintance with this field 
enables the Superior staff to offer sli 
ring assemblies and components individ. 
ually designed for all applications, such 
as: 


SIGNAL CIRCUITS 

POWER CIRCUITS 
SEGMENTED COMMUTATORS 
SPECIAL BRUSH BLOCKS 
COMBINATION SIGNAL 
AND POWER CIRCUITS 


* Basic drum-type assembly 


‘ with 24 rings 


on 
Basic pancake-type assembly 
with segmented rings 


Brush block assemblies, can 
y tilever type. 





Space, insulation, noise requirements, and 
contact composition, and other problems 
have received our special attention. Su- 
perior makes brush contacts, brush hold- 
ers, rings, all the components — in one 
package. 


ta 
a 
ae 
. 
> 
/s 


* * * 


Brush holders can be designed around 
existing ring assemblies. Even brushes 
alone can be supplied to fulfill a specific 
customer need. The brush is the vital link 
in the entire assembly. Our experience in 
this area alone has developed a range 
of brush grades which will withstand any 
conditions and give optimum operation. 
In addition to our regular production fa- — 
cilities, we maintain a special Pilot Run 92 
Department. / 


Write for Bulletin S-2056 for more information. 


»>2 £ 22'S CARBON PRODUCTS, INC. 
AVENUE - CLEVELAND 5, OHIO 


“iets * 91S GEORGE 
BRUSHES *« CONTACTS ec SLIP RING ASSEMBLIES 


POWDER METAL PARTS « MECHANICAL CARBONS 
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WS] FASTENERS 


LOWER MAINTENANCE 
& ASSEMBLY COSTS 


SPACE AND 
WEIGHT 
SAVER 





These one-piece fasteners incorporate a “MID- 
GRIP” self-locking Heli-Coil thread insert with 
polygon shaped locking coils which meets all 
military specifications and at the same time 
offers the advantages of a stainless steel thread 
to guard against wear, stripping, corrosion, gall- 
ing and seizing 


MOUNTING BRACKET AND 
LOCKING DEVICE 
ALL IN ONE 


¥ ~ 


EASY TO INSTALL! 
NO NUTS, WASHERS 
OR CLIPS TO LOOSE IN ASSY.! 


Forged from 2014-T6 Aluminum Alloy and avail 
able in length increments of one-tenth inch 
Easy to install and align 

Installation labor cost savings up to 30% 

No fear of stripping threads 

Locking insert in either outer or inner end of 
spacer barrel. 

Made in light or heavy duty, single or double 
ended configurations 


ONE PART TO HANDLE 


The WSI Fastener eliminates special mounting 
brackets, clips, nuts, lock washers and wires 
Attaches direct to structure, is vibration free, 
tilts to any angle and is universal in application 
Simplifies the part stocking problem 


e@ WIRE BUNDLES FLOOR PANELS 

e AIR DUCTS ELECTRONIC RACKS 
@ SUPPLY TUBING NAVIGATION EQT. 
@ INSTRUMENT PANELS DOME LIGHTS 

@ TRIM PANELS RADAR & COMPASS 





Write today for 
catalog on 
complete line 
with full 


technical 


‘ 





design data. 





WESTERN SKY INDUSTRIES 


7583 Russell Rd. P.O. Box 300 
HAYWARD CALIFORNIA 


CIRCLE 412 READER SERVICE CARD 





PEUMEST BGI PeCriyg —— NWHG-VIeVICMivVer, i730 CIRULE 410 READER SERVICE LARD V4! 


FASTENING AND JOINING | G& | 


With this 
new 
socket head 
cap Screw 
ou can Pre-Load 
without 
indentation! | 





ewP-K 


PRE-LODE 


Now . . . Parker-Kalon’s new PRE-LODE 

Socket Head Cap Screw gives you greater 

bearing surface under the head than ever before! 

With this new head, a research achievement 

resulting from the combined efforts of the Socket 

Screw Manufacturers’ Technical Committee, you 

can now apply higher torque . . . pre-load the fastener 

for maximum holding power without danger of 

marring or indenting softer materials in which the 

screw engages. This means greater load carrying 
capacity and better functioning in holes having a 
greater body clearance. P-K’s PRE-LODE Socket Head 
Cap Screws are designed for high tightening. In many 
cases, the socket has been enlarged to allow more 
wrenching area. Standard sizes \"’ to 1°’ PRE-LODE 
Socket Head Cap Screws are Size-Marked for easy 
identification, and are manufactured to exacting specifications. 
Available now from your authorized P-K distributor at no 


increase in cost. Write today for complete technical data and samples 


Sold Everywhere Through Leading Industrial Supply Distributors. ™ 


PARKER-KALON pre.cope Socket Head Cap 


PARKER-KALON DIVISION, General American Transportation Corporation, Clifton, New 





= 


Only Parker-Kgjon offers both PRE-LODE and SIZE-MARK & ’ 
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FASTENING AND JOINING 


PALNUT LOCK NUTS and FASTENERS 


REDUCE 


PALNUT Lock Nuts are precision-made of tempered spring steel— 
cost less than plain nuts—save 65-85% in fastener weight — save space — 
eliminate lockwashers and flat washers—assemble easily and fast with 
standard tools, extra-fast with PALNUT Magnetized wrenches — hold 
tight under vibration. Other specialized PALNUT Fasteners provide 
big savings and better assemblies on unthreaded studs, rods, rivets, 
pins and shafts. 


— PARTS 
— OPERATIONS 
—ASSEMBLY COSTS 


PALNUT LOCK NUTS for Threaded Assemblies 


wAL 


Regular 
Hex 


Regular Type. Used alone as 
a load-carrying nut on light 
duty assemblies or used on top 
of ordinary nuts on high stress 


assemblies 


Washer Type. Lock nut and 
washer in one piece, repioces 
ordinary nut, lock washer ond 
flat washer. Many design 


voriations 


Inverted Type. A compact 
lock! nut for light duty assem 


blies. Pleasing round dome 


Wing Type. Combines locking 
principle of PALNUTS with ease 
of finger tightening and 


removal 


SELF-THREADING NUTS 


Form their own deep, clean 
threads while tightening on 
unthreaded zinc die-cast 
studs; also on unthreaded rod 
or wire of steel, aluminum or 
brass. Save threading costs 
Fast assembly with standard 
teols. Provide vibration-proof 
grip, whether seated for load- 
carrying or unsected as a 
“stop nut". Remove and re- 
vse on same studs. Sizes for 
Ve", Ys" and Ya" dia 


PALNUT 


Quick, secure fastening at low cost 


Cap Type W 


~ 
Y 4 
7 


Fiat Type H 


Acorn Type C. Smooth dome 
shape covers up unsightly, 
rough bolt ends for attroctive- 
ness and protection agoinst 
scratching 


Acorn Type CK. Semi-acorn 
type, used as a lock nut when 
sected—or as an cdiusting 
nut or stop nut anywhere on 
threads 


Tension Nuts. Hold adjusting 
screws to desired setting. Easy 


assembly—simple adjustment. 


Self-Retaining Nut. Spring- 
tempered steel captive lock 
nut for #8-32 screws in blind 
applications. Flared sides re- 


tain nut in slots or cavities. 


PUSHNUT® FASTENERS 


Simply push or tap on un- 
threaded studs, rod, wire or 
rivets. Seve threading, notch- 
ing, drilling for cotter pins 
Strong spring grip resists 
removal. Low in cost, fast 
assembly. Many types and 
sizes 


Acorn Acorn 
Type Type 


c cK 
closed end \ open end 
pent 


Write for Catalog 573-C and Free Samples, stating type, size and application. 


THE PALNUT COMPANY, 65-A Glen Road, Mountainside, N. 5. 


in Canada: P.L. Robertson Co., Ltd., Milton, Ont. 


LOCK NUTS 





FASTENERS 
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Catalogs and Bulletins continued 


(S-35) Spring Pins 
Sizes, 


Bulletin, 4 pp. 


materials, finish, hardness, 
strength, and other specifications are 
presented in tabular form and draw- 
ings. Applications are illustrated 
Standard Pressed Steel Co., Box 545, 


Jenkintown, Penna. 


(S-36) Drive-pin Blind Rivets — Cat- 
alog, 16 pp. Contains application data 
and includes dimensional information, 
technical details, and grip-range data. 
Deutsch Fastener Corp., Dept. 36, 
P. O. Box 61072, Los Angeles 61 


(S-37) One-piece Fasteners — Bulle- 
tin, 4 pp. Principles and advantages 


of a fastener designed to replace 


Pitts- 
Pittsburgh 


separate screws and washers 
burgh Screw & Bolt Corp., 


30. 


(S-38) High-strength Bonding Agents 
Brochure, 4 pp. Describes general 


properties of adhesives and plastic 
alloys based on an epoxy formulation. 
A detailed chart helps select the prop- 
er bounding product. H. B. Fuller 


Co., 255 Eagle St., St. Paul, Minn. 


(S-39) Sealing Compounds Broad- 
side, 4 pp. How to select the right 
compounds is the subject matter. In- 
cludes information on general char- 
acteristics, specifications, solvent and 
diluent data and extrusion volume. 
Presstite-Keystone Engineering Prod- 
ucts Co., 39 and Chouteau Ave., St. 


Louis 10. 


(S-40) Self-locking Hex 
Screws — Bulletin, 4 pp 


and illustrates how screws are made 


Head Cap 


Describes 


Tables show diameter and location of 
pellets for stock screws in sizes 

through 1 in. dia, fine and coarse 
threads. Recommended installation 
Cleveland 
Cap Screw Co., Box 545, Cleveland 


28, Ohio 


practices are illustrated 


(S-41) Head Cap Screw Data—Tech 
nical Guide, 8 pp. Torque-tension 
data on tightening torque required to 
produce a desired screw tension. De- 
sign considerations are emphasized 
and torque-tension terms are explain- 
ed. Also, extensive data on physical 
characteristics, specifications, dimen- 
thread 


SIZes 


sions, lengths of standard 
Mac-it Screw Div., 
Strong, Carlisle, and Hammond, 1392 


W. Third St., Cleveland 13 


stocked 
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MOTOR, ENGINES x. 
AND CONTROLS - 


AND ALLOYS 


““~ : NONMETALLIC MATERIALS 
a AND FINISHES 


’ 


FABRICATION AND 


6 ae PRODUCTION PROCESSES 


POWER 
TRANSMISSION 


MECHANICAL PARTS 
Rumble in Single-cylinder Engines AND DESIGN ANALYSIS 
by J. A. Robison, M. D. Behrens and R. G. Mosher 


a . — 
A Guide to Motor Application FASTENING 


AND JOINING 


Calculate Gyroscope Precession Torques 
by A. E. Maine 


P . MOTOR, ENGINES 
Diesel Engine Fuel Economy AND CONTROLS 


by J. C. Miller 


CSA Standards for Punch Press Operation 
ELECTRICAL AND 
ELECTRONIC COMPONENTS 

Engine Exhaust System Noise Control 


by Dean G. Thomas 


HYDRAULIC AND 
PNEUMATIC EQUIPMENT 





MOTOR, ENGINES AND CONTROLS 


Rumble in 
single-cylinder 
engines 


J. A. ROBISON 
M. D. BEHRENS 
R. G. MOSHER 
Ford Motor Company 


Defined as a low pitched thudding noise different from knock and caused 
by high rates of pressure rise associated with very early ignition or multiple 
surface ignition. To more clearly define the combustion phenomenon leading 
to rumble, flame propagation in a single cylinder engine during normal com- 
bustion and rumble was measured by multiple ionization gaps. 


Ri MBLE or “pounding,” in high- oscillograph galvonometer. With the FLAME PROPAGATION STUDIES 
compression-ratio engines has become ionization signal displayed against a The instrumented cylinder head was 
in increasing problem. This low time base, the exact time of flame installed on a V-8 engine converted to 
frequency noise is prevalent in auto irrival at the gap can be determined single-cylinder operation. The com- 
motive engines having deposits in the In the ionization gap design used bustion chamber was formed by a flat 
combustion chambers, and has also Figs. | and 2, insulated wires project cylinder head and a piston with a 
en reported in clean engines. Ob nto the combustion chamber flush slightly dished upper surface resulting 
s \ ion ofl instantaneous cylinder vith the chamber surface [he metal n a compression ratio ol 12.0:1 This 
pressures reveals that rumble ts ;% surrounding this wire serves as the open” chamber had been found to 
companied by high rates of pi circuit ground. Spark plug cement is have a high rumble tendency. All 
se and thereby indicate | ry forced into the passages, allowed to flame propagation tests were con- 
id combustion process set for several hours and then tamped ducted at 2000 rpm with Ibt (leanest 
down in the ionization gap cavity to fuel flow for best torque) and mbt 
INSTRUMENTATION the desired depth. The head is then minimum spark advance for best 
tection of flame fronts by baked in an oven and the temperature torque) conditions as required at 
tion gaps depends on flame to slow!y increased to 400F over a period wide open throttle while operating on 
ir and make it a conductor of of 36 hours leaded alkylate fuel. An engine speed 
il current. An ionization gap 4 36 Channel recording oscillo of 2000 rpm was chosen as a com- 
ed at any point in the chamber graph was used to record the 29 ion promise between the increased rumble 
titutes a break in an electric cir zation signals, a 60 cycle per revolu tendency at higher engine speeds and 
When the flame front reaches the tion timing pulse, a top dead center the increased time spread of oscillo 
the circuit is closed and current pulse, and a cylinder pressure signal graph data obtained at lower engine 
flows. Afier it has been amplified, A separate amplifier, Fig. 3, was speeds. The oscillograph time gap used 


this current can be used to deflect an provided for each ionization gap was at 0.01 second intervals 
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No. 24/2 Solid 
gloss braid 


Pyrometer lead wire 
type -LW- 28734 

chrome/ spec-S7108-P 
Plastic | 


O125 +4 ¢ 0093 





Spork plug 
cement 


; 


0093 / 


[| 7 


Fig. 1—lonization gap design and instal- 
lation method used in the cylinder head. 


Adhesive 


For all tests, oscillograph records 
were taken in small bursts, Fig. 4, 
providing 16-2/3 engine cycles per 
record. The oscillograph paper speed 
was 100 inches per second. The aver- 
age flame propagation pattern of 30 
cycles of normal combustion with a 
clean chamber at wide open throttle 
was recorded. Spark ignition occurs 
at 16 crankshaft degrees before top 
(16B), and the flame 
propagates almost symmetrically out- 
the 

immediately 


center, Fig. 5, 
ward to the edges of chamber 
Slow propagation 
after spark ignition is indicated by the 


flame 


area of combustion present at 5 
open throttle 
5, (SA) 


In plotting the flame propagation 


wide 


after top center, Fig 


patterns obtained by determining the 


LO Cycle /rev pulse 





——— —EEE 


fon gop number 


— 8 
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Fig. 2—Layout of 29 ionization gap 


points and lead holes drilled in cylinder. 


the 
realized that 
only a crude approximation of actual 


flame arrival time of 1onizauion 


gaps, it is the result is 
conditions. There is no information as 
to the flame location over valve areas 
or in the combustion chamber below 
the plane of the cylinder head and it 
is necessary to interpolate the flame 
located in areas between gaps. Never- 
theless, the flame propagation patterns 
obtained are sufficiently informative to 
be extremely valuable in combustion 
work. 

Deposits were built up for 16 hours 
at 2800 rpm, 50 Indolene 
30 fuel. Cylinder head was removed 
and photographs taken of the com- 
bustion Build-up 
was continued for another eight hours 
at 2000 rpm, 25‘ 


load on 


chamber deposits 


load on the same 








- 


EEE 














~~ Horizontol 


OO/ sec 
<— Cylinder pressure signal 





gw elerence /ine 





———— 


Fig. 4—A portion of the oscillograph data showing the various signals. Peaks of the 
60 cycle pulse represent six crankshaft degrees. Time accuracy of recording is within 
plus or minus one crankshaft degree. Time cycle is at 0.01 second intervals. 
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V2 IZAX7 
” ine 5 ~~ 4 


3560 k 


Output P| golvo 


67% 


— gop 


12 


Fig. 3—Amplifier diagram for single 


ionization gap pulse as shown in Fig. 2. 


fuel. Lubricating oil used was a com 


mercially available lubricant—Mil 


2104 


Spec 


It was not the 


ionization gaps after deposit built up 


necessary to clean 
since circuits were checked and found 
to be open I ngine temperatures were 
stabilized at 2000 


alkylate 


SU load on 
throttle 


slowly opened until rumble occurred 


rpm, 


leaded fuel and the 


Rumble occurred at part throttle, and 


it was found that to maintain rumble 
for any length of time it was neces 
Sary to continue opening the throttle 


Rumble 


minutes of 


lasted approximately three 
total 


disappeared 


the 


operation and 


finally completely after 
about 30 seconds of wide open throttle 
operation 

Seven records of oscil 
taken 
4 record was also taken after 
had An 


previously using 


one-second 


lograph data were during 


rumble 


rumble eeased identical 


test 


conducted this same 


cylinder head but without ionization 


gaps resulted in identical rumble dura 
and 


tion time ol 


that 


encounter. It is be 


lieved there is no possibility that 


deposits in the gaps were contridut 


i Photo 
graphs taken of the deposit formations 


ing to the rumble condition 


on the cylinder head and piston after 


rumble further confirm this opinion 


Iypical flame propagation patterns 
plotted 
these plots show that multiple 


obtained during rumble were 
I ig H 
flame fronts 
An 
all 
Ov pressure development) had at least 
On 
extra 
all 
additional flame fronts occured in the 


in the cham 
the data 


are present 


ber analysis of shows 


that rumble cycles (as determined 


one secondary flame front some 


cycles, as fou flame 


many as 


fronts were detected. In cases 


end gas region after the normal spark 


ignited flame front had progressed 


H3 
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part way across the chamber 

At the start of rumble, all extra 
flame fronts started at the edge of 
the chamber in the end gas, Fig. 6 
B. Toward the end of rumble, many 


of the cycles showed extra flame fronts 
originating at points inward from the 
edge of the chamber, Fig. 6,C. Flame 
fronts may be present that were not 
detected. The flame propagation of 
cycle 14-10 for example, Fig. 6,B, in- 
dicates extremely fast combustion be- 
tween 10 A and 15 A over the ex- 
haust and intake valves. After rum- 
bling stopped at 2000 rpm, oscillo- 
graph records were made. The flame 
propagation pattern, Fig showed 
normal flame propagation 


OTHER OBSERVATIONS 

Ihe pressure development during 
rumble results in an increase in peak 
pressure of approximately 300 psi and 
a doubling of the maximum rate of 
pressure rise when compared to an 
average normal combustion cycle. 
Note the difference between cycles 
15-10 and 15-8, depicting fast and 
slow normal combustion 

Combustion chamber deposits after 
16 hours of build-up and after rumble 
indicate that piston deposits are the 
source of the extra flame fronts. The 
area of burned and cracked deposits 
on the piston correlates very closely 
with the areas of extra flame front 
sources noted on the flame propaga- 
tion plots. The source of the largest 
percentage of the extra flame fronts 
was in the end gas region at a point 
farthest from the spark plug. Black 
carbonaceous deposits were noted, on 
the piston, in this region before rumble 
and their absence after rumble. Those 
deposits present after rumble repre- 
sent a condition of deposit formation 
which did not produce rumble, even 


Fig. 5—Flame_ propagation plot 
average of 30 cycles, normal com- 
bustion, clean chamber, taken at 2000 
rpm, 1.8 in. water load, alkylate fuel. 


H4 


at wide open throttle. The cylinder 
head deposits do not seem to be as 
severely affected. 

The possibility that rumble is caused 
predominately by piston deposits had 
been suggested by previous tests con- 
ducted at 2800 rpm with an unmodi- 
fied head 
the engine was found to rumble readily 


After a deposit build-up, 


at part throttle. The moment rumble 
was established, the engine was shut 
down to preserve deposits. The de- 
posits on the exhaust valve were re- 
moved, and the engine checked for 
rumble tendency. Rumble still oc 
curred at the same throttle opening 
as before. All of the cylinder head 
deposits were removed next, and again 
the engine rumbled quite readily, al- 
though slightly more throttle opening 
was required. Finally, the piston de- 
posits were removed, and 
could not be obtained 


rumble 


SPARK ADVANCE 
[he effect of spark advance on 
rumble tendency was investigated. De 
posit accumulation of 16 hours at 
2000 rpm, 25% load on Indolene 30 
fuel was used as a base for these 
tests. The engine was then operated 
on leaded alkylate fuel, and the 
throttle slowly opened to a point just 
below rumble. Spark timing was re- 
tarded 5°, and temperatures were sta- 
bilized for 5 minutes. No rumble oc- 
curred. Spark timing was then re- 
turned to the original setting for 5 
minutes without rumble. Upon advanc- 
ing the spark timing 5°, severe rumble 
occurred almost immediately. Another 
test involved deposit formations that 
were “rumbled out,” that is, deposits 
which would not produce rumble even 
at wide open throttle. Spark timings 
of 5° retard from mbt (minimum 
spark advance for best torque) and 


at mbt did not produce rumble, but 
advancing the spark timing approxi- 
mately 10° more than mbt resulted 
in severe rumble. It was also noted 
that once severe rumble had been es- 
tablished in the engine, the only way 
it could be stopped was by substantial 
closing of the throttle 


UNLEADED DEPOSITS 

To determine the effects of unleaded 
deposits on rumble tendency, the base 
deposit accumulation of 16 hours at 
2000 rpm, 25% load was made using 
Indolene clear (unleaded) fuel. Using 
alkylate fuel, rumble could not be in- 
duced even at wide open throttle. This 
can be directly compared to previous 
tests where the deposit build-up sche- 
dule was identical, but Indolene 30 
fuel was used. With leaded deposits, 
severe rumble would occur at approxt- 
mately 75% load 

Efforts to 
rumble” 


obtain “clean-engine 
failed except for very 1so- 
lated bursts of mild rumble. These iso- 
lated bursts were attributed to de- 
posists built up during the warm-up 
periods. In any event, there was no 
sustained rumble such as that readily 
obtained with a deposited chamber 


NOISE ANALYSIS 

Noise analyses of rumble in a de- 
posited engine and normal combus- 
tion were made with a panoramic 
sonic analyzer. The amplitude of noise 
at 1000 and 1400 cps increases con- 
siderably during rumble. These two 
frequencies were also present in a 
much lesser degree normal 
combustion. This evidence indicates 


during 


that the audible sources of rumble are 
present even during normal combus- 
tion and are already contributing to 
the total engine noise. When rumble 


occurs, these same sources are excited 


Fig. 6—Flame propagation plots of combustion during rumble, deposited chamber, 
2000 rpm engine speed, 4.5 in. water load, alkylate fuel. 
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to a greater noise intensity, producing 


the characteristic sound of rumble 


RESULTS 
Analysis of flame propagation pat 
terns and cylinder pressure develop 
ment, Observation of deposit structure 
before and after rumble, and inter- 
pretation of associated single cylinder 


engine tests show 


1) Rumble is caused by deposit igni- 
tion in the end gas region from 
one or more sources 

2) Piston deposits are the major 

source of rumble. 

3) Multiple ignitions occur after the 
normal flame front has prog 
ressed partially across the cham- 
ber 

+) Once started, the deposit ignition 
process continues almost steadily 
cy cle after cy cle, without develop- 
ing into run-away pre-ignition 
until the deposits are incapable of 
glowing or burning at those pat 
ticular engine operating condi 
tions 

(5) Deposits which have been “rum- 

bled out” at a given level of en- 
gine performance and conditions 
can be induced to cause rumble 
by increased pressure and tem- 
perature stressing (usually by in- 
creasing the imep or by further 


advancing of the spark timing.) 


From these results, an outline of 
the mechanism of continuous, mul- 
tiple deposit ignition can be drawn 
It may be assumed that a prerequisite 
to rumble is the presence of a certain 
low duty deposit particles usually 
formed in the end gas region. As soon 
as these deposits are stressed by ad 
ditional load and/or spark advance 
their temperature increases. When the 
approaching normal flame front com 


presses the end gas and radiates ad 
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ditional heat to these deposits, they are 
incapable of further immediate heat 
transfer to the end gas combustion 
chamber surface; consequently, they 
reach their critical glowing or burning 
temperature. This glowing or burning 
causes ignition of the surrounding con 
ditioned end gas. These glowing or 
burning deposits are probably cooled 
below their critical temperature by 
the incoming charge; however, the de- 
posit temperature remains sufficiently 
high enough to be induced to glow 
or burn again by the advancing normal 
flame front of the next cycle. This 
particular type of deposit ignition is 
generally a_ self-sustaining process 
lasting until the offending deposits are 
burned out at a particular engine per 
formance level. Finally, should the 
imep or spark advance of the engine 
be increased afte! deposits have been 
rumbled out” at a given engine per 


formance level, the resulting increased 


Pressure development 





Fig. 7—Flame propaga- 
tion plot during normal 
combustion, deposited 
chamber, 2000 rpm en- 
gine speed, 1.8 in. water 
load, alkylate fuel. 








Fig. 8—Resulting pressure development of some cycles of flame propagation 
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MOTOR, ENGINES AND CONTROLS 


From 


HOW TO USE THIS GUIDE 
Moror application is the selection 
of the correct motor for the load to 
be driven. Or the matching of motor 
characteristics and load requirements 
When the power requirements of the 
driven equipment have been deter- 
mined, a commonsense selection of 
the right motor can be made from 
the many available types. Operating 
conditions control the broad selection 
| There are two ac sub-headings 
Single Phase or Polyphase. If dc is 
used, a separate listing of motor types 
is given. Power supplies permit appli- 
cation of dc motors when only ac is 
available 

Requirements of the load should 
be matched to the various motor types 
under the proper heading. Choose a 
motor that will start the load, bring it 
up to operating speed and carry the 
Speed 


reversing duty and load 


load for the desired period 
Variation, 
variations must be considered. The 
nominal speed and horsepower re- 
quirements must be determined. With 
type, speed and horsepower matched 
to the load, a further selection by 
mechanical design can be made 

3 Mechanical design is determined 
by operating conditions and mounting 
Most 


are made in all of the mechanical 


requirements electrical types 


variations. Mounting flanges, cushion 
bases and other features are common- 


ly used 


Special enclosures to keep 
injurious moisture, dust, dirt or ex- 
plosive atmosphere out of the motor 
may be selected as required by the 


installation 


REFERENCE 

Motor Application Guide 
a bulletin by Century Electric Compat 
1806 Pine St., St. Louis, Mo 


published 


Ho 


Century Electric Company Bulletin 


A guide 


to 





Typical Driven 


Equipment Character of Load 


Alternating Current (polyphase motors 
Blowers, fans Easy starting conditions such as with idle gearing, open 
Centrifugal pumps clutch or low inertia. Centrifugal devices having low 
Lathes torque requirement at standstill and lower speeds. Good 
Drilling macl pull-out capacity and good speed regulation required 
Grinders 


Stokers Load with high starting torque requirements due to hig! 
Compressors inertia, full compression, friction or similar mechanical 
Reciprocating pumps effort. Needs hi pull-up torque and good speed reg 
Ball and rod mills ulation 


Hoists, cranes Hard-to-start loads with intermittent peak power re 


Shears, press brakes quirements. May be subject to frequent reversal. Driven 


Oil well pumps machinery may use flywheels therefore poor speed reg 


Laundry machines ulation in the motor is necessary 


Blowers, Fans Starting torque requirement may be high or normal 


Machine tools Requires two, three or four fixed speeds. Constant horse 


Mixing machines power, constant torque or variable torque characteristics 


Printing presses may be required 


Blowers, fans May require very high starting torque. Requires start 
Hoists, conveyors ing current held to minimum. Load may be driven at 
Bending tools varying speeds to control output or quality of work 


Ball and rod mill jone. Reversing duty may be required 


Alternating Current (single phase mot 


Tools 1 burners Easy-t . i Load builds up gradually witt 
Business machines speed i after full speed is attained. Inter 
Fans, blowers mittent | 

Centrifugal pumps 


Compressors Hard to start lo oad must be started from rest 
t 


| 
Reciprocating pumps and smoothly accel i to full speed. High starting 


Machine tools torque wit! ) starting current desired 


Conveyors 


Blowers, fans r 1 high starting torque and high running 
Machine tools oft xd pull-up torque also needed on loads in 
Pumps i function of speed 
Grain mills 


Compressors Very high starting torque required with minimum start 
Reciprocating pumps ing current. Need low starting current to avoid inter 


Farm machinery ruption of other service. Need high breakdown torque 


Fans, blowers oad all description with high or low starting, a 
Machine tools celerating and running torque requirements. Reversing 
Compressors duty and excellent speed control have often dictated the 
Positive displ. pumps use of direct current to obtain these advantages 
Cranes, hoists 


Manipulators 


Torque 
Start 


Normal 


Normal 


or higt 


Function 


of control 


Function 
of control 
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motor applicat 





Torque Motor 
Running Design Type and Description 


Squirrel Norma! starting torque constant speed squirre! cage type 

cage Pull-out torque is high. Suitable for full voltage or re 
NEMA juced voltage starting. Connectible for part w 
design B starting 


nding 


Normal Squirrel Designed for high starting torque. Used to advantage 
cage mn hard-to-start loads having large inertia or high break 
NEMA away. Connectible for part winding starting 
design C 


Squirrel High “slip” characteristics provide resilience at full 
cage to absorb shock and load peaks. Use on flywheel 

NEMA ped machines and for reversing cycles 

design [ 


Squirrel Can be wound for 2, 3, or 4 specific speeds. Consequent 
cage pole or separate winding. Constant-torque, variable 


multi-speed | torque, or constant-horsepower types 


Function 7 Wound-rotor motors for hard-to-start loads where ex Function 

of tremely low starting current is required and heavy loads of 
control must be brought to full speed smoothly. Also used where secondary 
adjustable varying speed is required 


ntr 


Split phase. Most widely used fractional-hp motors 
Good starting torque but rather high starting current 
Special service available when load and voltage nd 


tions permit. Multispeed motors available 


Capac r-start, induction-run much gher 


starting torque at lower starting t than split 


phase motor. Integral-hp compare favorably with re 
pulsion-start motors but have higher starting cur: 


lower starting torque. Multispeed motors availabic 


Capacitor Capacitor-start, capacitor-rum motors have separate 
start and starting and running capacitors automatically switched 
run nto and out of circuit. Excellent starting and running 


characteristics. Multispeed motors available 


Repulsion Repulsion start, brush lifting type. Highest starting 
start torque with lowest starting current. Pref 
nduction where voltage regulation is poor, as on 


run lines 


Function Shunt Shunt wound, compound woun or series wound direct 
of control wound current motors. Suitable for operation on constant v 
ompound age system or with wide variety of contr "circuits 

wound speed contre ver ‘ y y ng, et 
series wound 
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Control Engineering 


Calculate gyroscope 


recession torques 


A. E. MAINE 


De Havilland Aircraft of Canada, Ltd 


A torque acting on one gimbal of a gyroscope causes 
the gyro to rotate (precess) about an axis in quadrature to 
the direction of the torque and at a rate proportional to 
the magnitude of the torque. Two types of precession con- 
cern engineers responsible for the application of gyros and 
gyro equipment 
® precession deliberately introduced to move the gyro axis 
through some prescribed path 
® an unintentional, slow precession known as “wandet 
rate,” caused largely by friction in the gimbal bearings 

lo choose the appropriate torque motor out of the va 
riety of electric and pneumatic units available for produc 
ng the deliberate precessoin, the following magnitudes of 
torques must be determined 
e that necessary for desired deliberate precession 
that causd by the “wander rate” precession 

Both can be determined with the nomograph below. In 


ranges, the nomograph solves 


Iwo examples demonstrate the use of the nomograph 
Example 1 
A gyroscope wheel rotates at 12,000 rpm, the rotating 


> 


parts having a moment of inertia of 2.5 kg-cm*. Find the 
torque required to process the gyroscope at a rate of 12 
deg per sec 


> 


The required precession rate, | deg per sec, IS located 
on scale (G) and the moment of inertia on scale (E). A 
rule laid across the chart to connect these points intersects 
reference line (C). From this intersection the rule is re 
positioned to join 12,000 on the rpm scale (F) and the 
inswer is read from where the ruler strikes scale (A), i.e., 
| 670 g-cm 
Example 

The same gyroscope has a wander rate of 24 deg/min 
Find the equivalent torque reaction 

The nomogram is used in the same way, but now the 


second set of precession and moment of inertia scale is 


Hs 


applied. Set the rule at 24 on scale (H) and 2.5 on (D) 
and note the intersection with the reference line. From 


> 


this point set the rule to connect with 12,000 on the rpm 


scale. Read the answer, 22 g-cm, from the intersection 


with scale (B) 





REFERENCE 
Calculate Gyroscope Precessior 
DeHavilland Aircraft of Canada 


Eneineeri November 195 p 
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From: SAE Paper 


Diesel 
engine 
fuel 
economy 


J. C. MILLER 


Cummins Engine Company, Inc 
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Fig. 1—Drive shaft horsepower at speeds 
for three gross vehicle weights. 

Fig. 2—Average speed vs cruise speed 
for a 48,000 gross vehicle weight. 


The increased use of Diesel engines has resulted in competition between Diesel engines rather than 


just between Diesel and gasoline where a large advantage previously existed. Under the pressure of 


higher operating costs, a need has developed for a better understanding of the engines economics. 


A tractor trailer combination was 
used for test runs. An experienced 
truck driver, not an engineer, was 
assigned as driver. Driving practice 
was not the best possible, the accel- 
erator was always “floor-boarded” to 
bring the unit up to cruise speed o1 
when shifting gears. 

Extensive instrumentation was in- 
stalled on the tractor, and provision 
was made for weighing the fuel used 
to minimize errors due to tempera- 
ture or measuring. The reliability of 
data is good, runs under duplicate 
conditions gave fuel consumption 
within 1% 

A 114 mile route was selected that 
would be typical throughout the East 
and Midwest. 


Terrain was rolling, 


with some hills, about 15% town and 
city streets, and normal daytime traf- 
fic. The course was short enough so 
that the weather conditions would be 
constant throughout any one run 
Starting and ending at the same spot 


eliminated any elevation effects 


FACTORS AFFECTING 
FUEL ECONOMY 
The following factors that affect 
fuel economy were considered 
Area. As it affects wind resist 
ance 
(2) Weight 


sistance—not hill climbing 


As it affects rolling re 


(3) Speed. Cruise and average 


(4) Engine Fuel Consumption |b 


bhp/ hr at different engine 


speeds 


(5) Engine revolutions per mile. As 
affected by axle ratio or driving 
habits. 

(6) Power available. More or less 
than optimum for the opera 
tion 

(7) Terrain, 

The above factors have been well 
recognized as they relate to every 
day experience. However, the effect 
of the driver on truck operation has 
not been recognized for its true im 
portance 

In the case of tractor-truck com- 
binations, the practical limitations of 
construction, size, and cost determine 
the configuration and area that are 
exposed to the wind resistance 

[he need for more power in moun 
tainous country where it is necessary 
to elevate the load as well as move 
it from terminal to terminal is recog- 
nized. The power used in lifting 1s 
the dominant factor in fuel mileage 
in mountainous country, rather than 
speed. In most operations, however, 
speed is the prime factor in deter 
mining mpg, as the majority of roads 
re no more than rolling 


VEHICLE WEIGHT 
AND SPEED 
Curves plotted from the road test 
data, Fig. 1, show the effect of gross 
vehicle weight (gvw) and speed. This 
was taken by measuring the torque in 
put to the rear axle with a torque 
installed in a 


mete! special drive 


shaft between the transmission and 
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Losses or errors intro 


the rear axle 
duced by the engine, fan, accesso 
ries, and transmision are eliminated 
and the power to drive the rig 1s 
measured 

At 40 mph, an increase in gross 
vehicle weight from 38,000 to 48,000 
lb required an increase from 64 to 


70 shaft hp. At 


hicle 


38.000 Ib gross ve 


weight, an increase in speed 
from 40 to 50 mph required an in 


crease from 64 to 111 shaft hp. In 


these two examples a 25 increase 


in speed required 73 increase In 
power, while a 26 increase in weight 
only required a_ 10 increase In 
powel SINCE speed requires such an 
increase In power, speed control 1s 


an important item to conside! 


OPERATING SPEED 
ing the effect of 
economy i dis 
made between 
speed I 
Ss the 


A 


proxima 
of driving. Becaus 
which S reasonand 
erage speed does 
portion to cruise 
quired goes up shart 
increased, therefore 


is important to ac 


























80 120 60 200 
Drive shaft-hp 


Fig. 3—Fuel rate, Ib per hr, versus miles 
per hour at various engine speeds. 


At a cruise speed of 35 mph, Fig. 
2, average speed recorded was 31.4, 
only 3.6 less. With a cruise speed of 
50 mph, average speed was 40.2 mph. 
15 mph gives only 
8.8 mph increase in average speed. 
This is tabulated below with the cor- 
responding fuel economy (mpg). 


An increase of 


Table I—Fuel consumption for 
average highway run at various 
cruise speeds. 


Average as 


Cruise Average of mpg at 
Speed Speed Cruise Cruise 
30 27.8 93 8.2 
35 31.4 90 8.0 
40 48 87 7.66 
45 37.8 84 7.25 
50 40 2 80 6.80 


Increasing cruise speed from 35 to 
50 mph, and the resulting average 
from 31.4 to 40.2 mph, dropped the 
fuel economy from 8.0 to 6.8 mpg, 
a loss of 1.2 mpg. In this speed range, 
each mph increase in cruise speed 
drops the fuel economy by roughly “0 
mpg, and each mph increase in aver- 
age speed drops the fuel economy by 
roughly + mpg 

At 35 mph, with the engine turn- 
ing 1500 rpm, 21.5 lb of fuel per 
hour is required, Fig. 3. At 50 mph, 
with the engine turning at 2000 rpm, 
51 lb of fuel per hour would be re- 
quired. For a 28% increase in aver- 
age speed, 137% more fuel was used. 
Good driving practice in keeping the 
engine speed low was assumed. The 
50 hp required at 35 mph would be 
obtained at 1500 rpm or higher. If 
the engine were wound up to 2500 
rpm by shifting to a lower gear, 33 


lb of fuel per hour would be re- 


Hi0 
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Fig. 4—Brake specific fuel consumption 
versus horsepower at various speeds. 


quired. This is an increase in fuel 
consumption of 53%, which can be 
attributed to poor driving practice. 
Where the engine speed is determined 
by the driving habits of the operator 
the effect of engine speed on econ- 
omy is apparent. 


AXLE RATIO 

Engine speed is also determined by 
the axle ratio and transmission. There 
is an optimum combination of engine 
horsepower, transmission, and rear 
axle ratio which will produce the best 
fuel mileage for any set of operating 
conditions, Fig. 4. With a given ve- 
hicle cruising speed the final drive 
ratio has an important bearing on 
maximum possible economy. With the 
highly developed engines available a 
comparable gain in the efficiency of 
the engine is difficult to achieve 


ENGINE SPEED 

If more air is pumped by the en- 
gine than is required, extra fuei will 
be used to pump air. Running an en- 
gine faster than necessary does this. 
In addition, the accessories take more 
power at higher engine speeds. For 
each power requirement, there is an 
optimum engine speed for best fuel 
consumption, Fig. 4. This is gener- 
ally the lowest engine speed (rpm) at 
which position in traffic can be held 

A theoretical study indicated that 
large gains in fuel economy could be 
made if the engine could always be 
run at the optimum rpm for required 
hp. This can be approached very 
closely in practical operation by run 
ning in the highest gear with which 
position in traffic can be maintained 


This was confirmed by actual road 

















Fig. 5—Fuel consumption, mpg, versus 
average road speed under all conditions. 


under all conditions of 
load and speed. 


tests, Fig. 5, 


These test runs were made simulat- 
ing level road, zero wind operation, 
with the effect of the driver and 
traffic eliminated by using fixed throt- 
tle settings. At 35 mph average 
speed, 11.2 mpg was obtained with 
57,500 gyw with the 4.75 ratio axle. 
This is the potential that is built into 
the unit, but practical considerations 
in normal operation preclude reaching 
this potential Only about 6.15 mpg, 
or 55% of economy is realized when 
the engine is kept wound up to 2500 
rpm. With good driving 
6242 % of the potential, or 
can be obtained. 

To further explore the effect of 
engine speed, runs were made with 
both a 4.75 ratio rear axle and a 
5.62 ratio axle. With the 4.75 ratio 
the top speed was 54 mph. The lower 
axle ratio gives lower engine rpm 
and fewer “engine revolutions per 
mile.” The higher ratio gives better 
acceleration and hill climbing ability 
at the expense of higher engine rpm 
and revolutions per mile, Fig. 6. These 
tests showed why economy falls off 
in hilly country, where it is necessary 
to keep engine rpm high to get the 
power required. Total engine revolu- 
tions are also high in city driving 


practice, 


7.0 mph 


where there is a great deal of gear 
shifting and running in gear 


ENGINE HORSEPOWER 
The effect of higher horsepower 
increasing the 
from 165 to 


200 hp. Comparable runs were made 


was investigated by 


power of the tractor 


with the 200 hp unit and fuel econ- 
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Fig. 6—Miles per 
gallon versus cruise 











speed for various 
axle ratios. 


omy measured. There was an increase 
in the average speed at the expense 
of decreased economy for the test 
course. The optimum power is deter- 
mined by the schedule and the ter- 
rain. Power in excess of that required 
to meet a schedule results in wasted 
fuel from excessive road speed. With 
difficult terrain, more power may be 
used with no sacrifice in economy 
but with large gains in time. 

Higher horsepower does not nec- 
maximum speed, 
because of axle ratio or legal limits, 


essarily give high 
but does give better acceleration and 
less shifting on grades, which reduces 
the trip time. Under some conditions, 
fewer engine revolutions per mile re- 
sulting from less shifting can give 
better economy. 

The effect of engine power and 
terrain was illustrated by two ve- 
hicles having 160 hp and 175 hp 
running Over two courses represent- 
ing different terrain. Both 
were 300 miles, but one was flat 
while the other was hill country. 
Cruise speed was limited to 50 mph 
with a gross vehicle weight of 55,000 
Over the flat country, the 


powered 


courses 


pounds 
higher 
higher average speed at a cost of 
0.28 mpg in fuel burned. 

The higher powered tractor had 
26% better average speed on the hill 
run with no difference in fuel econ- 
omy when compared with the lower 
powered, and tractor. The 
respective times were 8.2 and 10.3 
hr. Since the 2.1 hr difference would 
be driver overtime, there was a large 
commercial gain to be had both in 
labor cost and equipment availability 


tractor gave 2.8 


slower, 


with more power. The need for per 
formance, which increased 
power gives, must be weighed against 
the economy (mpg) desired, and the 


horse- 


best compromise for the particular 
operation and operator selected 

Above 36 mph cruise speed. the 
‘uel mileage was improved with the 
higher speed rear axle ratio (4.75), 
giving an increase of approximately 
0.47 mpg at 50 mph cruise speed 
Below 36 mph cruise speed, there is 
no significant difference in fuel mile- 
age between the two gear ratios 
tested. The “rule of thumb” holds 
that each mile per hour increase in 
cruise speed drops the economy (mpg) 
by roughly “40 mpg 


CONCLUSIONS 

[his series of tests show that the 
factors affecting fuel economy (mpg) 
can be summarized briefly as follows 
1. “Cruise speed” is a prime fac- 
tor in fuel consumption (mpg) 
“Average speed” does not in- 
crease in proportion to “cruise 
speed « 
Total 
mile” is a prime factor in fuel 


“engine revolutions per 
consumption. High engine speed, 
traffic requiring much gear shift- 
ing, and hill climbing all give 
high total engine revolutions per 
mile and poor fuel economy 

At a 
burned increases as the engine 
speed and total engine revolu- 
tions per mile are 


given road speed, fuel 


increases 
Fuel is wasted in pumping air. 
Rear axle ratio affects this some- 
what, but the 
comes from driving in a gear 


greatest loss 
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lower than required to maintain 
position in traffic 

At maximum engine speed, fuel 
economy is low, regardless of 
road speed. 

Best economy is obtained at the 
which 
position in traffic can be main- 
tained 
Higher 


creases performance (hill climb- 


lowest engine speed at 


engine horsepower in- 
ing ability and acceleration) and 
cruise speed, and decreases gear 
shifting and economy. Average 
speed may or may not be in 
traffic 
conditions and driver schedule 


creased, depending on 
Under some conditions, higher 
horsepower may require less gear 
shifting and better 
engine 
revolutions per mile are reduced 
In the 35 to 50 mph range, 
each increase of one mph in 


result in 
economy, if the total 


cruise speed decreases economy 
by roughly mile per gal 
From an analysis of these factors 
it can be concluded that good fuel 
economy can be obtained, but that 
to do this both 
per mile” and 


“engine revolutions 

“cruise speed” must 

be limited 
Low engine revolutions per mile 


can be obtained by using a high 
speed axle, but acceleration and hill 
climbing ability are affected, so care 
ful consideration must be given to 
the overall performance expected 

Absolute cooperation of the driver 
is required, as it is almost always 
possible to drop down to a lower 
gear for acceleration and defeat the 
purpose of the high speed axle ratio 

Cooperation of the driver is also 
required to limit cruise speed. The 
high speed axle ratio combined with 
an engine which has more power 
than the minimum required to meet 
the desired performance makes it 
possible to run at a speed where fuel 
consumption is excessive 

Economy must be weighed against 
the level of overall performance re 
quired in a tractor, as the potential 


economy of present day equipment 


is rarely reached 


REFERENCE 

Factors Affect 
(MPG)” by J. ¢ 
Engine Co., Inc. Presented 
Summer Meeting, Atlant 


lune ? 1947 
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CSA standards 


for punch press 
operation 





From: Ross Enginair 


Recent developments in air valving have made it possible to design circuits 


that offer greater protection to the operators of presses. These advances 


have allowed the CSA to upgrade the safety standards for the guarding of presses. 


New standard Z142-1957 of the 
Canadian Standards Association code 
for the guarding of punch presses at 
point of operation spells out, among 
other things, the exact limits of two- 
hand trip control. The standard ap- 
plies to all power presses, foot 
presses, hand presses and air and 
hydraulic presses 

A two-hand tripping device must 
be designed to require the simulta- 
neous use of both hands to trip the 
press, and must be arranged to pre- 
vent tying, wedging or otherwise 
securing one handle or button and 
operating the press with one hand 
only (except by use of a key in pos- 
session of duly authorized personnel). 

Two-hand tripping devices must 
located and protected by 
barriers so that the operator cannot 


also. be 


trip the press accidentally or by other 
means while any portion of the body 
is within the danger zone 

On other than positive-type clutch 
presses operating at less than 100 
strokes per minute, the controls shall 
be arranged so that if the operators 
hand is removed from a control dur- 
ing the down-stroke the ram will be 
instantly stopped. 

On manual feed presses, a fixed 
barrier guard, or an interlocking gate 
guard, or a sliding gate guard, or a 
two-hand tripping device, or a pull- 
out guard, or an electronic safety de- 


H12 


vice, or any combination of the fore- 
going should be provided for safety 

In slow speed operations, in which 
the operator might “beat” the ram on 
the work stroke, a sliding gate guard 
must remain closed until the ram or 
blank holder has completed the work 
stroke. 

Any protective device must be de- 
signed so that it is impossible for the 
operators hand or fingers to remain 
within the danger zone during stroke 
When two or more persons are work- 
ing at a press, adequate protection 
must be provided for each operator 
in the design of the guarding 

When the operating valves are not 
part of or attached to the frame of 
air-hydraulic presses (a) valves must 
be located so that the operator will 
have a clear and unobstructed view 
of the press when standing in the 
usual operating position or (b) a 
mirror will give a clear and un- 
obstructed view of the press when 
Standing in the operating position 

Air and hydraulic presses with 
down-stroking rams must have means 
of positively supporting the ram when 
guard is open. 

On air presses and air-operated 
clutches of power-driven presses, pro 
vision must be made for shutting off 
the air and automatically bleeding 
the circuit for safety of operation 

The switch or starter is required by 


the new standard to be arranged so it 
may lock or latch in the off position 
and be so located that it cannot be 
accidentally operated 

Clutch on the drive pulley must be 
fitted with a 
latched or locked in the off position. 


handle that can be 


Automatic roll feeds and roll gears 
must have the rolls completely en- 
closed, except [or the feed opening, 
by a fixed barrier guard or interlock- 
ing gate guard or electronic safety 
device or a combination of these 

Electronic, photo-electric, selenium, 
magnesium, radioactive or other simi- 
lar safety device operated by beam, 
ray or wave, to protect the operator 
must be designed so that when the 
operator’s hand or any part of the 
body is in the danger zone the press 
cannot be tripped. If the hand or other 
part of the body is inserted during 
the downward stroke, the press will 
immediately stop. 

Electrical devices must be powered 
by a closed electric circuit so that in- 
terruption of electric current will auto- 
matically prevent the press from trip- 
ping until current has been restored 


REFERENCE 

CSA Standards Advance with Pneu 
matic Developments” published in Ross 
Enginair, by Ross Operating Valve Co 
East Goldengate Ave., Detroit 3, Mich 
Jan.-Feb., 1958, pp. 4-7 
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Fig. 1—The series of diagrams illustrate the control requirements 
for a press with a positive-type clutch Operating at a rate of more 
than 100 cpm. The gray area indicates an option which may be 


added when the operator must hold the workpiece beyond arms reach 
of the pinch point and use a foot treadle to actuate the press. 
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MOTOR, ENGINES AND’ CONTROLS 


Engine exhaust system 


DEAN G. THOMAS 


Director of Research Nelson 


Ii Is common supposition that if an 


adequately designed intake silencer 
and exhaust muffler were provided 
engine noise would be eliminated. 


However, in addition to the noise of 
each individual explosion transmitted 
through the engine block and head, 
there is from 
transmission 


noise intake, cooling 


fan, gear and noises 
After serious attention has been given 
to the solution of these problems and 
the solution of problems from other 
components that 
general noise level, the exhaust sys- 


contribute to the 
tem must be muffled 


EXHAUST MANIFOLD 
There is little uniformity of design 
in exhaust 


manifold systems. In its 


acoustically ideal concept the ex- 
pelled gases follow a smooth and con- 
expanding path. In a multi- 


cylinder design it is difficult to avoid 


tinual 


sharp turns; however, they should be 
made at the greatest possible radius 
in the space available. This reduces 
“pockets” or areas of stagnation, that 
result in an 


at certain frequencies 


amplification of the wave front re 
leased near the end of the power 
stroke. It is 


flow of 


axiomatic that smooth 


exhaust gases is consistent 


with better smooth flow of the power 


curve, even temperature gradients, 


and better muffling 


EXHAUST TUBE 
From the standpoint of acoustical 
attenuation and back 


pressure it is best to avoid sharp bends 


reduction of 
and areas of turbulence. If there is 
no space problem it may be necessary 
to move the muffler to a 
mote 


more re- 
heat 
locate 
the muffler close to the manifold to 


area in order to avoid 


problems. It is desirable to 
avoid the build-up of various resonant 
peaks in these connecting pipes. The 
wide range of engine speeds encoun- 
tered complicates the problem to such 
a point that it is more practical to 


Hi4 


From: SAE Papert 


noise contro 


Muffler Corporation 


make a sound analysis of the com- 
pleted assembly rather than an analy- 
sis of the exhaust tube alone. 


TAIL PIPE 
The simplest solution would be to 
allow the gases to flow from _ the 
muffler by means of a short snout. 
This is inexpensive and 
with 


consistent 


good muffling. In most cases 
this would cause the gases either to 
overheat some part of the unit o1 
the fumes would be discharged in an 
area where such would be undesirable 
Tail pipe construction is particularly 
sensitive to bends and turns 


near the outlet. Elbows should be as 


sharp 


close to the muffler as possible. EI- 
bows or other turns near the end of 
the tail pipe often nullify an other- 
wise efficient muffling system, par- 
ticularly if the 


radius of bend is 


small or 


f the tailpipe bend is a 90 


degree cut-and-weld design 


FITTINGS 
AND BRACKETS 
Connecting fittings seldom cause 
trouble from an acoustical stand- 
point unless they are not tightly 


clamped together permitting leakage 
This condition is much more serious 
ahead of the muffler. When enough 
air leaks into the system it combines 
with unburned vapor in the muffler 

backfires. 
through 


Transmission of 


support 
mounting brackets must be prevented. 


causing 
sound flanges and 
It is better for the mounting brackets 
to be clamped to the muffler shell or 
tubes than welded. Clamping reduces 
sound and permits expansion and 
contraction of the parts without trans- 


mitting sound to the body 


MUFFLER DESIGN— 

GENERAL 
The first step is to determine the 
degree of silencing required. Whether 
the motive be compliance with a legal 
requirement or a 


noise desire for 


operator comfort, definite standards 
must be set to calculate the construc- 
tion of a new muffler design. 


MUFFLER DESIGN— GAS FLOW 

The gas flow characteristics of the 
entire exhaust system are of primary 
concern. The first step is to calcu- 
late the cubic content of the gases at 
various stations along the system 
Different temperature correction fac: 
tors will have to be used as the dis- 
tance from the engine increases. Even 
though “hot spots” may exist along 
the line the average temperature will 
follow a definite down-gradient. The 
efficiency of scavenging of the cyl- 
inder also affects the calculations. 
If a supercharger is employed then 
corrections must be added to the cal- 
culation of volume and air charge 
The space occupied by the fuel, how- 
ever, is so small that it may be 
ignored. 

With the volume data taken into 
consideration the cross-sectional areas 
required for exhaust tube, muffler in- 
let, muffler outlet and tail pipe may 
be calculated after selecting a velocity 
factor for each of these points. The 
velocity factor will depend on allow- 
able back pressures. Efficient systems 
keep all exhaust system elements as 
nearly equal in resistance as is pos- 
sible 

Two factors affecting gas flow re- 
quire either experience or a 
amount of laboratory measurement. 
The first is the temperature gradients 


to be expected. 


great 


These could be cal- 


culated quite accurately if enough 


data were available but it is more 
complex than a simple radiation cal- 
culation. Bends develop restriction so 
that the hot gases are temporarily 
compressed, causing hot spots. This 
is due partly to the fact that the 
muffler serves as a cushion or damper. 
The muffler must dissipate pulses or 
nodes and requires added volume for 


the purpose of dissipation. 
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The second factor is to determine 
the degree of compromise to be tol- 
erated for a proper velocity factor. 
A velocity factor for the gases 
selected that will permit a muffler to 
be designed within the spece limita- 
30,000 to 40,000 
fpm in the more restricted areas of 
the system are common in passenger 


1S 


tions. Velocities of 


car exhaust systems. This should be 
dropped to 18,000 fpm, or less in 
applications where more space _ is 


available and the back pressures must 
be kept low for engine efficiency 
Proper importance must be decided 
for space available, permissible cost, 
degree of muffling, and permissible 
reduction of power output. Material 
based On expected life of 
must be 


selection 
the component 
sidered. 


also con- 

Deciding what is required in the 
final design, a gas velocity is selected 
that is consistent with expected re- 


sults. The solution of the gas flow 
problem is completed and the proper 
cross-sectional areas determined. 
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in agreement with the specification 


for the engine if the same velocity 
factors have been used 
MUFFLER DESIGN— 
VOLUME 
The muffler shell must be large 
enough to carry the gases through at 
the desired velocity. The most im 


determination of 
muffling 
approximation 
the muffler 


volume equal to ten times the volume 


portant factor in 
shell size is the degree of 
required. A 


sometimes used calls for 


rough 


of one cylinder if average muffling is 
wanted up to twenty-five 
for superior quieting. This 
the fact that multicylinder 
is not a perfect 
appear, 


cylinder engines 


and times 


neglects 


gas flow 


system. Pulses or 


24 


1S 


even in 16 and 
A better 


based upon a ratio of muffler volume 


nodes 


ratio 


without tem- 
Three 


to engine displacement 
perature correction. 
times total engine displacement 
four cycle engines has been used 


to five 


for 


MUFFLER DESIGN— 


what is expected in the way of sound 
attenuation. The 
should 
haust system to be acceptable under 
SAE AMA if 


quirements reduce the shell diameter 


degree of muffling 


be sufficient to allow the ex- 


standards space re 


of the muffler a straight-through con 


Struction with numerous resonant 


chambers turned to provide the best 


attenuation should be considered 


Since firing frequency and engine 
speed are known, the frequencies 
that are expected to be the most 
troublesome may be calculated 

The straight-through resonato! 
muffler has to be exceedingly long to 
get a high degree of muffling. Even 
then it is difficult to attenuate all fre 


An 


pack would accomplish what is wanted 


quencies efficiently acoustical 
in less length than a straight-through 
but the of 
materials deteriorates as the products 
ot 


coating on the sound absorptive sur 


design effectiveness 


pac k 


combustion gradually deposit a 


face 


To maintain a high standard of 


























































































































































































Proper inlet and outlet dimensions are ACOUSTIC muffling without affecting power out 
assigned to the new muffler design. The next step is to design the put the diameter of the muffler must 
The muffler inlet dimension will be muffler interior to be consistent with be considered so that some multipass 
[4 } t > 8000 
Risteons~tacteel vette i= Chart for Addition of Power Levels (watts) 
1. Convert decibels to microbors by chort | 4000 » - 
Sables ‘oo see Enter efe— Enter power ref. volues from Chort I ~ 
2.0/0" ratio of the distances db 3] (db ref. column headings will locate decimal) 
3 Multiply microbors by ovo? 2000 ¥y S 120 10} }9c ad 70 }60{ 50 140 | 
4.Convert microbors back to decibels 75 ; | 3 6 | 2 
by chort “ , nial | 100.0 a4 D 5 2 T 0 
; T 80.0 93 | 19/9} 5] 3} 
rte 49 | | 8 
e 935 21;21;3;18{ 8} 
© 
. 20.08 4 i 
G —- T 
| 10.0% | mt + 
| a0 © Totol LJjo;ojo}4|{ 5] 7101/0 
| f ~ + ee ee | i 
! 6.0 ® 0.00045170 Wotts = 96.5 Decibels ChartI | 
| oa Chor TT : 
| : 4.0 Unit ates : f 
= tee Fig. 2- Unit values from Chart I 
y | 0 0.00 -0000 entered in Chart I. Chort I 
. t it? nee to assists in varifying location of 
) 0.60 3:59 1- 4126 decimal points 
| i- 5849 
| ins 2.50 \- 7782 hot 
|- 9953 
| | 020 3.50 2-2388 oy wore 
| 4.00 2-5120 150 100.00 
| 4.50 2-8184 40 0.00 
} | 0.10 9-00 3-1623 130 1.00 
50 3-548 e) 0.10 
60 70 80 90 100 110 120 6 00 3-9810 0 O01 
6 4-4669 00 0.0 
Decibels 7.00  §-0120 90 0.000 
7.50 5-6236 BC 0.0000 
8.00 6-3096 70 0.00000 
- . . 8.50 77-0795 60 0.000 000 
Fig. 1—Conversion chart for changing readings taken at 50 ft 9.00 7-9433 50 0. 0000000 
SAE/AMA standards to measurements taken at 25 ft ASA. 9.50 8-9'25 40 0.00000000 
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ing action can be achieved. There are 
infinite varieties and selection is most 
often based on available equipment 
The aim of these variations is to 
avoid restriction of gas flow and to 
retard or divert the sound pressure 
nodes. When velocities are reduced 
there is a minimum increase in re 
striction to gas flow. Two multipass 


chambers in tandem generally are 
sufficient to reduce the sound to an 
icceptable level. If the design has 
the proper volume and suitable tube 
area this will solve the problem with- 
out having to analyze the wave form 
or the frequency analysis 

Under many conditions it is more 
practical to divert the gases while 
permitting the sound waves to con 
tinue. The simplest method is to 
block the path and cause the gases to 
be dispersed through perforations in 
the walls of the tube. The perfora- 
tions may be almost any configuration, 
but should be large enough to resist 
clogging by products of combustion 
The smaller the hole the more nearly 
the path of the gases becomes a right 
angle to the original flow. This, from 
a purely mechanical viewpoint, pro 
vides the best separation of the sound 
waves. By combining action of both 
a multipass and a_ devious path 


through perforations a great many 


combinations of characteristics are 
ivailable 
The finished 


product sometimes 


does not muffle to the extent antici- 


pated. Tracing of pressures will lo 
cate a high-pressure area and _ its 
removal rarely presents a problem 


once the cause is known. This action 
can very well result in the simultane- 
ous reduction of a sympathetic res 
onance or vibration. Unsatisfactory 
acoustical attenuation is not so easy 
to pin-point as are the areas of high 
pressure 

Iwo methods are commonly used 
in the measurement of noise. The 
simplest method is that of making 
over-all noise readings on a sound 
revel meter reading in decibels. In 
the second method Armour-Beranek 
ATA system, a 


and the sound analyzed in eight oc 


recording is made 


tave bands from 37/75 cps through 
$800 9600 cps. The reading are in 
decibels. By proper conversion table 
the eight decibel readings are con 
verted to sones, a unit of loudness 
that also gives appropriate weight to 
the annoyance factor of different fre 


quencies. When added together the 


Hic 


total sone readings agree quite closely 
to established noise ratings. SAE and 
AMA have adopted the Armour-Ber 
anek ATA system and have set a 
standard of 125 sones as a maximum 
allowable for approved _ vehicle 
mufflers 

One advantage of making a sound 
recording is that it can be played 
back in the laboratory and compared 
muffling. A 


second advantage is that the spec 


to other standards of 
trum can be plotted in octave bands 
or in any other frequency bands de 
sired. In this way effort may be con- 
centrated on the frequencies that re- 
quire the greatest amount of attenua- 
tion. At this point, another chamber 
or segment may be added. Review of 
other components and costs involved 
should be made to insure that any 
compromise reached 


gives proper 


consideration to attenuation, engine 
performance, and total accessory cost 

After such point by point study 
and correction of any offending mem- 
bers a sone analysis of the complete 
system should be made. In the Ar 
mour-Beranek ATA _ sound 


ing system the signals received include 


measul 


all noise generated, not just the ex- 
haust system. A graphic analysis will 
show certain peaks of noise and will 
identify the offending frequencies. By 
running another tape with the micro 
phone near the muffler tail pipe, a 
similar graph will determine whether 
the source of the offending frequency 
is within the muffler system or from 
some other area. A simple but prac 
tical substitute is to place the com- 
pleted assembly inside a building o1 
behind a sound barrier with the tail 
pipe extending through a hole so that 
exhaust system noise is the only com 
ponent heard. The ear alone can fre 
quently detect the source of offend 
ing noise from an engine exhaust sys 
tem without the aid of instruments 
This summary of the problems in 
volving the installing of a muffler 
overlooks a great many details. De- 
tails, however, create one set of prob 
lems in one design and entirely dif- 
ferent problems in the next. Com- 
ponent cost is a primary importance 
Also none of the components should 
cause such a deterioration of effi- 
ciency that the unit no longer is com 
parable to competitive products. It is 
impossible for one engineering group 
to resolve its noise problems without 
working closely with all other com- 


ponent groups engaged in noise re 


duction. The final accessory design 
must be arrived at by a study of the 


whole product 


THEORETICAL ACOUSTICS 
APPLIED TO MUFFLERS 


There has been a continued im- 


provement of acoustic instrumenta- 
tion, but forecasting the performance 
of various acoustical devices is still 
a highly complex art. Analyzing these 
problems from the theoretical stand- 
point demonstrates the enormous 
complexity of the 


lems. Sound is not only a _ physical 


acoustical prob- 


phenomenon that can be measured in 
units of energy, it also has psychologi- 
cal connotations. The difficulty in 
using mathematical formulae in pre- 
dicting sound attenuation is the num 
ber of variables. The more practical 
approach is to make only estimates 
of these variables 

For example, a 4-cycle 6-cylinde 
engine operating at 2400 rpm pro 
duces three explosions per revolution 
of the crank, 7200 per minute, 1200 
per second. This gives us a fundamen 
tal frequency of i120 cps. Pulses may 
be expected at the second, third, and 
fifth harmonics-240 cps, 360 cps, 600 
cps—as well as at half-frequency-60 
cps. These pulses may acoustically 
excite the tubes so they will generate 
pulses at their own natural periods 
What are the actual frequencies de 
veloped in an exhaust tube that has 
perhaps two slight bends and one 90 
bend in it before reaching the muffler? 
What natural resonance is found in 
the manifold itself? Assuming that 
ideal perforation pattern has been de- 
termined, how long will it retain its 
ideal dimensions? How are these and 
other factors influenced by the grad 
ual accumulation of deposits from 
the process of combustion? After 
considering all of the many variables 
and their influence on the various 
formulae it is not surprising that the 
acoustical design engineer prefers to 
make an educated guess and then 
depend upon his ears and his instru- 
ments to tell him what corrections 
must be made 

Since ordinances relating to vehicle 
noise are frequently based on a mea 
surement by ASA sound level meter 
of over-all poise level at 25 ft from 
the road, it often is desirable to know 
how to convert the data taken in com 


pliance with SAE AMA 
Any distance relationship can be cal 


standards 
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culated by the formula: using formula: db = 10 log ae tention is the muffler. Assuming that 
0 
d . 0097 duced t c a drop of 13 

or by using the graph shown in Fig. | a ~ i ee eee a 
Any reading of over-all noise taken rhe addition of a great number of lowed to remain the same. The total 
at SO ft can be converted to the read- different noise levels can better be reading is now reduced to 123.5 
ing at 25 ft by the simple expedient accomplished by tables made for this db, Fig. 4, and the muffler no longer 
of adding six decibels to the reading purpose. Since this conversion process is the worst offender. If the muffler 
at 50 ft. A more complicated process requires close attention to decimal = age proved ao at Ge vel 
is the addition of sound levels from placement a chart has been developed, reduced to 111.5 db, it causes only 
various sources all at a given distance Fig. 2, to simplfy the operation. As an 0.25 db drop in the total, Fig. 5. The 
This is particularly of interest to the example of the futility of trying to muffler now is over-quieted, unless 
engineer studying truck noises. reduce the total noise level by over- other components are brought down 

It is a waste of effort to reduce the treating One Component let us look at to this level the muffler with a level 
noise level of any component sig- readings that might be obtained from of 115.5 db is as low as required 
nificantly below that of the rest of truck noise analysis. Assuming, that Anything better would not be justi 
the components. Because decibels are all of the components on the truck fied by the increase in cost. Even if 
based on logarithms of energy, not have exceedingly low noise level with muffler noise was eliminated entirely 
on direct linear functions of energy, the exception of the intake, the fan, the total noise still would be 122.75 
this is a sound practice To illustrate, the tires, and the muffler. At a dis- decibels 
two components each developing 93 tance of 20 in. from each we obtain 
db of noise and located adjacent to on a noise level meter: Intake: 119 db; REFERENC! 


Fan: 117 db; Right Front Tire: 104 
db; Right Rear Tire: 118 db; Muffler 


each other will be recorded on a Truck Exhaust System Noise Problem 


sound measuring instrument as only e b. Th , ' , and Solutions by Dean G. Thomas, Di 

= 29 ) <P WwW > ¢ > ve | : , ‘ 
96 total db Also, of two noises ol d — _— vided - - “9 rector of Research, Nelson Muffler Co | 
would give a noise of 129.75 db, I ig Presented at the SAE Summer Meeting 


3. Obviously the part that needs 


96 db are measured simultaneously 
at- June, 1958. Paper No. S6A 


they would be recovered as a noise of 
99 db or another increase of 3 db 
This calculation is based on the dec 


ibel power level formula 
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wah weiandiar Chart for Addition of Power Levels (watts) 
10 log ae —————— em a Tl 
10 lenter| 2h Enter power ref. values from Chori I1——» 
Item ” die db ref column headings te decimo 
Using formulae db readings at any db jyi\** re nage mee e be a Pls - a 
‘ : + |! cU 1U VU} IU 80 OV | |S 
constant distance can be converted to =r | = 2s xR ee | T T T 
ntake 119 ‘ 914]31]53 
watts, the power levels of the several +— —t —————7 T a ores a | T 
} . Fan 7 U 5 - 
readings added, and then converted 4 +4 } + + + + + t 1 
eS Tin ry | ‘) ? § | \ 
back to decibels : ) in 4 rasa ~ + : | + + 
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Exampk 93 hd 00019953 watts - 4 Ft - + = - + + 
93 bd 00019953 Muffler egy -| ~ aa | 3 n 
96 dl 00039810 Total db 29% ; > 8 9 | 4 | 9 | Total wotts 
watts 00079716 ' aoe a: T T T T Fig. 3—Total pow- 
} + ++ + + t t T t T er level of truck 
| | | | . 
4 -* | 4 | 4 } } } with muffler read- 
| | ing ? 
| | | | | | | ing of 129 db. 
Chart for Addition of Power Levels (watts) Chart for Addition of Power Levels (watts) 
ao T : ; . x : Se - — 
= > ter power ref. values from Chart I > lEnter ele Enter power ref. values from Chart IZ ~ 
a mn headings w te decima tem | db S| (db ref. column headings will locate decima 
Ib |% aA. Oh 19h 146A 1A 1d 18] 1901110 11001901 8017 5 han tae 
EE = ai | 4 4. 4 4 4 LOY js 4 40 | 4 & Jo) Bia ar 80}! ~ }60 cede 
ke AF? risi4€i 3ji 3 intoke =| 119 |.) O | 7 41313 
-—_—— + + + + + > + + + > 4 + —+ + +——_4+—-_ + + + + 
am: : : Fan 1117 je} O fe) 0 ee; 
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Tire + |. 5 0 F Tire 104 |.| O 0 2 5 | c U T 
bp + +—+ > + > + - + + + — + > > T + 
R Tire 8 6 . € R Tire 118 |.}| O 6 3 ‘ 9 | 6 
_ + +4 + + + + + + + + 4 —-+ + + + 
Muffler 2 oj U 3 2 a 8 Muffler {Il!/2\}.| O | 4/1! 2 @ 
= eae —+}—+-—— + +~—_4——__+4 + = 4 4 
Tota! db 23%|.| 2 > ts € 4 2 | Total watts Total db |I23¥a}-| 2 0191|2 8|7 tal wotts 
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A = , ~. , | 
No exhaust noise 0 | 4 y 6 
= + +4. + + + + + + + + 4 T — + 4 = Tw 
+ | +) ' 9 5 ' 6 | | | Tine 122 ~ D | 
Fig. 4—Total power level of truck with muffler reading of Fig. 5—Total power level of truck with muffler reduced to 
115.5 db and represents a muffler reduction of 13.5 db. 111.5 db which causes only a 0.25 db drop in the total. 


Product Engineering — Mid-September, 1958 Hi7 





x MOTOR, ENGINES AND CONTROLS 


KOHLER |eaeeetesan 
ENGINES 


MODEL a 


K9O "s4 


@ Balanced crankshaft— 
ball bearings at both ends 


@ Externally mounted breaker 
points 
@ Positive splash lubrication 


@ Aluminum alloy cylinder head— 


deep fins for efficient cooling 


@ Mechanical governor for accurate 
RPM control 


Riding Tractors 
Rotary Tillers - Orchard Sprayers 
Centrifugal Pumps - Weed Cutters —— 
Highway Line Markers - Conveyors ; F he \\ “ 
Riding Lawn Mowers - Turf Aerators —s “oe, “4 
Snow Blowers + Refrigerated Trucks 1 - = ~ 


we SIetion-~ Ve 
qj 


Lawn Rollers + Cultivators - Grain Blowers - Milkers - Grain Elevators 
Disc Grinders - Pump Jacks - Portable Saws - Sprayers - Motor Bikes 
Hoists + Floor Sweepers » Augers « Air Compressors 
Concrete Mixers + Vibrators - Scooters - Rail Drills 
Sand Spreaders - Spike Pullers - Tie Tampers 
Kohler Electric Plants ‘ 











FROM 3 TO 24 H.P. SY Send for 28-page illustrated booklet 


KOHLER CO. Established 1873 KOHLER, WIS. 


KOR LER or Ra LER 


CIRCLE 415 READER SERVICE CARD CIRCLE 416 READER SERVICE CARD> 





YOU GET 
DOUBLE PROTECTION 
against corrosion... 
against falling 
or splashing liquids 


Air intakes and outlets are posit ’ 


TYPE 


1 to 125 hp 


with WAGNER 
TYPE DP MOTORS 
designed to meet more 


application needs 


Type DPM 


the DP Mot 


SLEEVE BEARING MODELS AVAILABLE 


rT 293 
1 to 125 HP—1750 RPM—40C 
NEMA FRAMES 182 through 445U 


Wagner! lex tric 4 orporation 
6400 Plymouth Ave., St. Louis 14, Missouri 





YOU GET 
EXTRA PROTECTION 
against corrosive... 
abrasive or 
explosive elements 


Standard TEFC 
1 to 100 hp 


Explosion proof 
1 to 100 hp 


with Wagner totally enclosed motors... 


protected for longer motor life 


NEW NEMA FRAMES _ The. 
I Li5l 


1 TO 100 HORSEPOWER—4 POLE, 60 CYCLE—NEMA FRAMES 182 THROUGH 445U 


Wagner fF lectric Corp 


6400 Plymouth Ave., St. Louis 14, Missouri Branches and Distributors in All Principal Cities 


ubrication will last for many ye 
Vormal service, but openings are pr 
permit relubrication that adds years 


life under severe conditions 


AT . ‘? 


&-/ 
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From 134 to 534 cubic inches... 


theres a 


P Mom, 
iy 


ENGINE 


to meet 
your every 
power 
need! 


. build highways... 
dustrial Engine that can 
r operatiol ficient and more profitable. 
Take Ford’s new Super Heavy Duty V-8’s. Built to handle 
less cost, tl 


ney nave new /fuily mach 
lambers... new fuel 


YOUR JOB IS WELL-POWERED 
the Dig iobs easier alt 


WHEN IT'S FORD-POWERED 


ned 
combustion cl 


induction systems. 
lubrication syste 


. new 


and provide more fh 





t 


rsepowe r per 
pound ol engine welgnt than ever 


r beltore possible. 





These are typical of the many engineering advances you'll 
ind in all Ford Industrial Engines. If you’re considering new 
r or repowering, it’ll pay you to check Ford’s full line of 
and V-8 cylinder engines... including the Ford 
and 330-cu. in. Diesels. Most 


engine assemblies or 


220-cu. 


models are available as INDUSTRIAL ENGINES 
power units, I AND. POWER UNITS 


foot- or skid-mounted. 


Write or phone today for complete information: 


INDUSTRIAL ENGINE DEPARTMENT 
FORD Division of FORD MOTOR COMPANY, P. ©. 80X 598, DEARBORN, MICHIGAN 
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MOTOR, ENGINES AND CONTROLS 


CHRYSLER 





here’s why more and more 
manufacturers of self-powered equip- 
ment are installing big output, low 
cost Chrysler Industrial Engines. 


Greater endurance: Chrysler Industrial OPTIONAL EQUIPMENT 
Engines are high-speed, heavy-duty AVAILABLE ON 


power plants built to stand up under 
the toughest jobs. CHRYSLER INDUSTRIAL 
ENGINES 

Greater efficiency: Chrysler Ind. 56A, a a 

for example, has oversquare, short-stroke @Ganesion. and Fenn 
design that cuts friction loss to a mini- Electrical Systen 

mum; hemispherical-design combustion © Fluid Coupling 
chambers produce more power with less 

heat loss. @ Mechar 


® Heavy-Duty Over-Ce 
Power Takeoff 
aior 
® Radio Shield 
Greater adaptability: Chrysler Engines © 3, 40r 5 Speed 
can be tailored to your individual pene 
requirements with Chrysler optional Vado - 
equipment. All are available as open or © Heavy-Duty, Oil Batt 
closed power units; operate at full effi- @ Safety Switches (Low ( 
ciency on gasoline, natural or L-P gas High Water Temperature 


al or Hor 





® Updraft Carburetor (€ ylinder 


two V-8 models _ four in-line 6 models 
SHOWN: CHRYSLER IND. 56A SHOWN: CHRYSLER IND. 31 


354 Cu. In. Displacement 230 Cu. In. Displacement 





aanneeeeesas + 


Chrysler open power units Chrysler enclosed power units 


Open power units for all engines include com Enclosed power units have complete engine 
plete engine, plus skid base, fuel tank, radiator fuel tank, storage battery, instru hanhe “and 
instrument panel—complete with instruments 3 instrument panel, flywheel, flywhee eal seo 

mounted on flywheel housing skid base and completely enclosed sheet n aie 
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MOTOR, ENGINES AND CONTROLS 


Industrial Engines 


. ~ 
specifications / a. CHRYSLER INDUSTRIAL ENGINE MODELS 





Ind. 30 Ind. 31 Ind. 32 ind. 33 ind. 54 ind. S6A 





No. of Cylinders 6 
Type of Engine—4 Cycle Gasoline 
Bore—Inches 
Stroke—Inches 
Displacement—Cu. In 
Compression Ratio 
Vaives—Arrangement 
Pistons—No. Rings 
Crankshaft— Bearings 
Camshaft Drive Silent Chain 
Camshaft— Bearings 


Crankshaft— Bearing 
Diameter—Inches 


Lubrication—Type 
Lubrication—Type Oil Pump 
ation—Oil Capacity Qts 
ignition— Battery Type 
Spark Plug—Size 
Starting—Ele Type 

Gen. Reg Fu tage 


Gen. Reg j tage 


and Currer ntrol 


2% 





























Specifications subject to change without notice 


performance data: 
MODELS IND. 3@ AND 3H, IN-LINE 6 ENGINES MODELS IND. 32 AND 33, IN-LINE 6 ENGINES 








RPM 1200 900 1800 200! 2400 2800 32 RPM 1200 l 180¢ 
BHP 43 ) 81 90 6 Dyna. BHP 51 ] 75 
BHP 35 2 9 66 73 Cont. BHP 4) 
orque 190 ? 3 169 Dyna. Torg 225 
orque 154 5 §2 0 137 Cont rque 182 


Spec. Fuel 543 53 536 3 570 00 Spec. Fuel 541 




































































MODEL IND. 54, V-8 ENGINE MODEL IND. 56A, V-8 ENGINE 


RPM 200 | 1 200 2 y 32( RPM 12 160 180 4 ROK , 
Dyna. BHP ) ] 99 22 0 Dyna. BHP ) ll l ] 164 l 18 7 
Cont. BHP 2 3 80 Cont. BHP - ] l 10] 119 l - - 

14 274 4 
254 — —_ 








Dyna. Torque 25 259 Dyna. Torque 
Cont. Torque 203 2 Cont. Torque 


Spec. Fuel ) 2 y » 3 pec. Fuel 

































































Industrial Engine Div. 
bi A E | ke t Chrysler Corporation 
Detroit 31, Mich 
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The BODINE line — 


a complete line of fractional hp motors 
Over 3500 standard motors—built to order—only 12- to 16-week delivery 


...for blowers, pumps, coin-handling 
units, communication equipment, 
therapeutic devices, sound-recording 
and reproducing equipment, machine 
tools, and similar applications 


BODINE TYPE N MOTORS 


These motors are available in three basic 
sizes the smallest 33/g” in diameter 
the largest 51/2". Almost any type wind- 
ing. Standard ratings from 1/150 to 1/6 
hp at 1725 rpm 


Write for bulletin “S 


..for instruments, timing devices, 
control apparatus, and related 
equipment 

BODINE TYPE K-2 MOTORS 
Available with and without speed 
ducers. Model without reducer idea 
equipment requiring relatively low 
put. Overall height only 23/9". Insto 
reversible. Can be stalled indefinitely 
Synchronous or non-synchronous. Nor 
mal 60-cycle output ranges from 1/2000 
to 1/500 hp on continuous duty 

Models with parallel shaft speed re- 
ducer have high starting torque of not 
less than 150% of full load torque at 
room temperature. Quickly reversible 
under load. Synchronous or non-syn- 
chronous. Drive shaft speeds range from 
300 to 0.7 rpm...torque rating ¢ 
1.3 in. oz. to 120 in. oz 


n 


Write for bulletin 1024A 
...for speed reducer 
models, bulletin 10238 


...for use in office machines, auto- 
matic phonographs, circulating 
pumps, air conditioning equipment, 
and similar applications 

BODINE TYPE U MOTORS 

U" type motors are available 

and 1/15 hp at 1725 rpm...and in | 

hp at 1125 rpm. Diameter 43/g 

phase construction. Resilient mounting ft 
quiet operation. Thermal overload pro- 
tection. 


Write for bulletin 1028 


265 different stock types and sizes ready for fast shipment! 


Bodine Electric Co., 2510 W. Bradley Place, Dept. A, Chicago 18, Illinois 


BODINE 


fractic: + 


MOTORS 


the power behind the leading products 


BODINE SPEED REDUCER 
MOTORS 


...combines motor and speed reducer in one 
unit, eliminating all cumbersome and 
complicated speed reducer transmissions such as 
belts, gears, and chains 


jle or double 

on speed reducers 
ismitting low 

rques over a wide range 
of speeds. Height, 35/g 


* 
ee 
=e 
= 





“straight through” 
dual-sweep 
ventilation eliminates 
“hot spots” 


full height 
end head 


protection 


Mylar 
insulation 
increases motor 
life 


bearings easily 
inspected by 
removing cover 


plate 


permanently 
numbered leads 
simplify installation 


and maintenance 


*DuPont registered trademark 
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»+. at standard motor prices 


R&M Series 254U Motors help pay their own way from the minute 
you flip the switch! They stoutly resist any hostile environment — 
moisture, dirt, heat, acid or alkaline fumes—and so live longer. 
They have push-pull ventilation that won't let dirt settle and keeps 
motor internally cool—and so perform with full, brisk efficiency. 
Their oversize bearings are quick and easy to inspect and relubri- 
cate—so your maintenance costs dwindle. 

This long, trouble-free, vigorous motor life is what R&M means 
by “Premium Performance”—an extra reward in service and 
savings every R&M motor offers. These and other big, money- 
saving advantages shown at left cost no more... R&M motors 
carry standard motor prices! 


For information on integral HP Series 254-U motors, write 
for Bul. 520, Explosion-proof—Bul. 505, Totally Enclosed 
Bul. 500, Single Phase— Bul. 470. For information on R&M 
custom-design service, write us outlining your needs 


Robbins & Myers build motors from 1/200 to 200 horsepower 
¢ ‘ 


ROBBINS € MYERS, wwe. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
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PUT #24) Fizg IN YOUR DESIGNS 


SUB-FRACTIONAL HORSEPOWER BLOWERS 


DD DOUBLE BLOWER 
Powered by Type D 


shaded pole induction mo- 

tor. Non-radio and TV in- 

terfering. Draws 35 W on 

115 V, 60 cycle. Delivers 

100 cfm (free air) at 3100 

rpm. Furnished with outlet mounting flange; also available 
with flat strap, “L' shape or inlet mounting bracket. DS 
Single Blower is same as DD except single unit draws 30 W 
» 115 V, 60 cycle; delivers 55 cfm (free air) at 3200 rpm 


ther voltages and frequencies available on request. 


D2D DOUBLE BLOWER 
Powered by Type D 


shaded pole induction mo 

tor. Durable plastic housing 

Quiet. Non-radio or TV in- 

terfering. Draws 15 W on 

115 V, 60 cycle. Delivers 

» (free air) at 3200 rpm. D2S Single Blower is same 

D2D except single unit delivers 10 cfm (free air) at 

3100 rpm. 





D2'2S SINGLE BLOWER 


Powered by Type D shaded pole 
induction motor. Durable plastic 
housing. Draws 15 W on 115 V, 
60 cycle. Delivers 17 cfm (free 
air) at 3100 rpm. D212D Double 
Blower is same as D2!/2S except 
that double unit delivers 34 cfm 
(free air) at 3100 rpm. 


YSD DOUBLE BLOWER 


Powered by Type Y shaded pole 
induction motor. Slow speed motor 
and large fan minimize noise 
assure long bearing life. Draws 45 
W on 115 V, 60 cycle. Delivers 100 
cfm (free air) at 1650 rpm. YSS 
Single Blower is same as YSD ex 
cept single unit draws 40 W on 
115 V, 60 cycle; delivers 50 cfm 
(free air) at 1650 rpm 


K SINGLE BLOWER 


Powered by Type K universal 
motor. For intermittent duty ap 
plications, Type K6S and KI2S 
have 6 V, and 12 V ratings, deliver 
75 cfm (free air) at 2300 rpm 
Type KII5S is rated at 115 V 
AC/DC, delivers 100 cfm (free 
air) at 2800 rpm. 





SUB-FRACTIONAL 


TYPE D 


Two pole shaded pole in- 
duction motor. Free speed 
3400 rpm; load speeds 3000 
to 3100 rpm. 1/100 to 1/200 
hp. 115 V, 60 cycle, CW or 
CCW. Other voltiyges and 
frequencies available. Two 
stud, flat or saddle strap 
mountings. 


TYPE S 


Skeleton frame 2. pole 
shaded pole induction motor 
Shaft concentric with OD 
Speed, voltage and horse- 
power ratings same as Type 


D (above). 
TYPE P 


Low cost single coil 2 
pole induction motor. Free 
speed 3400 rpm; load speed 
3000 rpm. 1/50 to 1/300 hp 
115 V, 60 cycle. Available 


in various stacks. 


TYPE AR 


Reversible capacitor type 
Free speed 3300 rpm. 24 V 
60 cycle operation with 100 
mf condenser. 1!/200 hp 
Other voltages available. 





TYPE AM 


Similar to AR motor except 
hp rating is 1/100. 


TYPE Y 


Four pole shaded pole in- 
duction motor. Free speed 
1700 rpm; load speeds 1400 to 
1700 rpm. 1/30 to 1/200 hp. 
2 or 4 stud, flat or saddle 
strap mountings. 


TYPE K 


Series wound Universal mo- 
tor. Load speed 5000 to 7500 
rpm. 1/15 to 1/50 hp. 115 V 
AC/DC, CW, CCW or re- 
versing. Internal or external 
brushes. Variable speed. High 
starting torque. 


TYPE KF 


Similar to Type K except 
for flat sides. Available with 
die cast housing 


ELECTRIC COMPANY 
685 Lawrence St., Lowell, Mass. 


DIVISION OF CONSOLIDATED ELECTRIC LAMP COMPANY 


STANDARD MODELS OR DESIGNED FOR YOUR NEEDS 


H26 A CIRCLE 423 READER SERVICE CARD CIRCLE 424 READER SERVICE CARD> 





MOTOR, ENGINES AND CONTROLS | Ex | 
ReM Fractional HP 
Re-Rated Motors 


NEMA FRAMES 
56 and 48 


MORE POWER...LESS WEIGHT AND SIZE! 


Think of the advantages these new motors offer your products! Many new 
R&M Re-Rated Motors are less than half the weight of former designs. For 
example, the new R&M % hp, 1725 RPM single phase motor weighs 26 
pounds as compared to a former weight of 56 pounds. Performance, torque 
and overload service factors are well within national standards. Lightness 
and compactness have been accomplished by the selective use of lighter 
metals and more efficient double end ventilating. 

Design versatility is an advantage too! R&M Re-Rated Motors in NEMA 
Frames 56 and 48 are available as complete “off the shelf” motors with 
a wide choice of mountings, bearings, mechanical and electrical character- 
istics in sizes from 1 to % hp. They’re also available as motor parts without 
end heads. Write for Bulletin 450-PE 


Robbins & Myers build motors from 1/200 to 200 horsepower 


ROBBING ¢ MYERS, we. 


SPRINGFIELD, OHIO BRANTFORD, ONTARIO 
iy am Ay 

YP “Bap | 

3 

I 


moverem § 
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SPLIT PHASE 


CAPACITOR START 


PERMANENT 
SPLIT CAPACITOR 


POLYPHASE 


OPEN AND TOTALLY ENCLOSED 
SLEEVE OR BALL BEARINGS 
RESILIENT R END MOUNTING 
NEMA C FLANGE 


SPECIAL PURPOSE MOTORS 
SERIES MOTOR PARTS. BUL. 455 
UNIVERSAL MOTORS. BUL 444 


Where production quantities justify 
experienced R&M application engi 
neers we me the opportunity to 
furnish a design best suited to your 
particular power requirements 


Wr 
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| Haydon | electric timing motors 


| AT TORRINGTON Haydon totally enclosed timing motors are compact, rugged and dependable. 
Slow rotor speed assures quiet operation and long life. Lubrication meets 
various temperature requirements. Designed and engineered for 
all-position operation, Haydon Timing Motors mount alike regardless 
of series or speed. Finishes and construction to meet your specifications. 
One-way or two-way frictions available in both right and left rotations. 
Full details will be found in Haydon’s complete new Timing Catalog. 














MA23 | eid | 
1%," 


HYSTERESIS HYSTERESIS INDUCTOR 


A more powerful timing motor with the Compact and fast-starting with the extra 
power and ruggedness needed for de 
pendable, heavy-duty operation. Ideal 
for high torque applications. Guaran- 


This medium torque motor is the most 
versatile and popular in the Haydon usual Haydon hysteresis motor advan- 
line. Offers wide speed range in small tages plus extra torque and gear train 
size. Speeds: 1/60, 1/45, 1/30, 1/15, stamina. Speeds: 1, 2, 4, 6, 8, 10, 15, 
1/10, 1/6, 1/5, 1/4, 1/3, 1/2, 1, 2, 4, 20, 30 and 60 rpm. Guaranteed torque: teed torque: 30 ounce-inches at 1 rpm 
run to syn- and 60 cps. Speeds: 1, 2, 4, 6, 8, 10 
15, 20, 30 and 60 rpm. Voltages: 12C 


50 or 60 cps 


6, 8, 10, 15, 20, 30 and 60 rpm. Many 10 ounce-inches start and 
others available. Guaranteed torque: chronism at 1 rpm. Voltages: 120 or 240, 
6 ounce-inches start and run to syn- 50 or 60 eps. Built-in clutch mechanism is or 240, 
chronism at 1 rpm. Voltages: 120 or available on request. Clutch speeds from 


240 at 60 cps 1/10 to 15 rpm only 


REVERSIBLE 400 CYCLE 


Incorporates 2 coils with each, when Low-cost, split-phase capacitor motors 
energized, producing opposite rotation provide the inherently accurate ap- low current drain. is: | . 1Q, 
f the output shaft. Speeds: 1/60, 1/45, proach to timing control for military 1/6, 1/5, 1/4, 1/3, me ie Sr a ee 
1/30, 1/15, 1/10, 1/6, 1/5, 1/4, 1/3, applications. Speed: 3000 rpm at 400 15, 20, 30 and 60 rpm; others avail- 
2, 1, 2, 4, 6, 8, 10, 15, 20, 30 and 60 cps. Two models: Heavy Duty with 18 able. Gear Train Rating: 20 ounce- 
Guaranteed torque: 9 ounce- gram-millimeters torque—and Miniature inches, static load. Speed varies directly 
start and run to synchronism at 1 with 5 gram-millimeters torque. Voltage with temperature and voltage, inversely 
and 60 cps. Voltages: 120 or 240, 115 (nominal). with load. Voltages: 6 to 32 d-c. 
or 60 cps R. F. Filter available-1/%2" dimension 


increases to 1° 








When ordering motors, please specify: Speed (at no load or 
under load), voltage, duty cycle, shaft, friction if desired, a V O ] ) 
and speed tolerance under the following conditions: 
voltage range, ambient temperature range, and load 


pattern. AT TORRINGTON 














| Haydon electric timing devices 


‘a AT TORRINGTO n | The basic element of all Haydon Timing Devices is our own rugged timing 
motor. All Haydon Timing Devices provide long-lived, reliable, quiet 
service. The Haydon Timers illustrated below are ideal for a wide range of 
applications. Complete details will be found in Haydon’s new Timing 
Catalog. Variations of the standard models and custom-engineered 
units are available. Our field engineers will be pleased to study your 
requirements and submit proposed designs. 











PS 3% 2 SWITCH UNIT) 


TIME DELAY TIMERS CYCLE TIMERS 


Rugged, dependable enclosed-switch 


INTERVAL TIMERS 

Up to 8 enclosed switches can be sup- Directly control heavy duty electrica 

plied in this direct-driven repeat cycle loads. Type A has up to 

timer. Adjustable cams standard; blank Type B has 1 SPST switch only. Following 

inutes or special available. Wide range of intervals availat 

5 minutes speeds. 5, 60 and 180 
Switch Rating: SPDT, various type r 240V, 5 


Le 


reset timer provides time delay 4 SPST switches 
Delay Ranges -14 seconds 

0-57 n sle with dial and knob 

minutes. Voltages: 120 

cps. Switch Rating 


20V 


switches available 2 amps, 250 VAC 
Voltages: 120 or 240V, 50 or 60 cps 


non-inductive; 1 hp 


COMMERCIAL ELAPSED TIME INDICATORS 


- 134" 


5701 7008 7010 


Miniature elapsed time meter, hermeti- Direct read 
cally sealed 

Time Range: 10 
Voltage 15V 
Watts Input (115V, 60 or . 
2.8 W. max. 2.8 W. me 


s version of the 
iature running time meter 
hours Time Range: 9,999.9 hours. 


Voltage: 115V 
Watts Input (115V, ¢ 
GA 
Weight: 6 ounces Frequencies: 60 or 4 


Weight: 6.5 ounces. 





TIMING MOTORS 
and DEVICES 


When ordering timers, pleose specify Model number, voltage, 
DIVISION OF GENERAL TIME CORPORATION frequency, ambient temperature range, intervals and 


switch loads (Interval Timers), number of circuits and 





: loads to be controlled, and sequence and cycle for each 
Je *-EDD, 313 . S , ; 1 S.A : . 
Dept. PEDI 134 Elm St., Torrington, Conn., U.S.A. circuit (Repeat Cycle Timers 

Telephone HUnter 9-3158 
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PEERLESS SPECIAL AND 
AN a De at = ON 4 Onn LORE Ol ac 


Peerless specializes in customer-manufacturer 
teamwork engineering of special motors. Un- 
usual operating conditions and duty require- 
ments are everyday problems to us. We are 
the exclusive motor supplier to many original 
equipment manufacturers. Our knowledge 
works to your advantage in reducing the en- 
gineering time required to solve your motor 


TYPES and RATINGS 


Single Phase % thru 10 HP 
Polyphase % thru 30 HP 
Direct Current 4% thru 3 HP 
TEFC (single phase) 1 thru 10 HP 
TEFC (polyphase) 1 thru 30 HP 
Explosion-Proof Same as TEFC 
Torque 2#ft. to 200#ft. 


Special Designs to Specifications 


problem. 


DRIP-PROOF (open type) 


Completely protected against 
dripping liquids and falling parti- 
cles. Surfaces are smooth and 
symmetrical. Frame sizes from 56 
to 324 as shown. Frames 324 and 
326 have welded frame. Cast- 
iron construction. Sleeve or ball 
bearings. 


TEFC and EXPLOSION-PROOF 


External fan draws cool air across 
motor toward driven machine. Heat 
from machine is not drawn across 
motor. Explosion-proof designs 
approved for Class ! and Ii duty 
Special mounting designed to 
meet application requirements. For 
HP ratings see table above. 


DIRECT CURRENT 


Designed for rough usage. High 
starting torque, good overioad 
capacity and high electrical effi- 
ciency. Shunt, series or compound 
windings. Constant speed genera- 
tors in ratings from 150 to 3000 
watts. See HP ratings above. 





WEATHER-TIGHT SPECIAL FLANGE SPECIAL FLANGE REVERSING 


HOIST MOTOR,SINGLE PHASE 


EXPLOSION-PROOF TORQUE 
MOTOR WITH BRAKE 





ENGINEERING DATA—These bulletins 
are available from Peerless: Space- 
Saver, SP-1; Torque, T-1; and SDA-155 
describing the complete line. Peerless 
builds many special mountings. Vari- 
ous modifications—special shaft fea- 


tures; paint and varnish treatments; 
Class A, B, F, H insulation, etc. are 
available. Peerless builds to the stand- 
ards and specifications of JIC, AIEE 
(including AIEE No. 45 Marine Duty), 
ABS, Federal and Military. 


ELECTRIC MOTOR DIVISION 


tHe Sexless. Cbectric company 


FANS - BLOWERS - MOTORS 
W. MARKET ST. WARREN, OHIO 
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igelaa) mi —n4 ene) 


Hercules Air-Cooled Engines 
Design by Lycoming 
C2-90D 21-35 HP 
CV4-180 34-71 HP 





Hercules GO Gasoline Engines 
3, 4 and 6 cylinders 
Horsepowers: 16-138 


Hercules Diesel Engines 
3, 4, 6 and 8 cylinders 
Horsepowers: 16-500 


The modern Hercules lines of engines have ad- 
vantages for everyone: to the equipment manu- 
facturer, complete mounting interchangeability 
of DD and GO series engines in the same number 
of cylinders means that customers’ engine prefer 
ence can be met from 6 engines without design 
modification. To users of Hercules-powered 
equipment, an unusually high degree of parts in 
terchangeability between all engines and rugged, 
dependable design reduce maintenance costs to 
a minimum. And, these new engines are backed 
by Hercules 43-year reputation for engine build 
ing know-how. 

The Hercules industrial air-cooled engines, de 
signed by Lycoming, offer a unique combination 
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pound, accessibility, fue 


of high HP/| 


and parts interchangeability The desigr 


economy) 
1 of these 
engines incorporates the dependability and en 
durance for which the L\ 
famous 1n aircralt eng 

Other Hercules eng 
4to 500 horsepowet For full details ar 
tive literature, write Hercules Motors Corp., Dept 


I 


1d descrip 


143, Canton 2, Ohio. Or write the Hercules dis 
tributor-dealer near you in the world-wide Her 


cules sales and service network 


HERCULES 


HERCULES MOTORS CORPORAT 


Centon, Onio 
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MOTOR, ENGINES 


Typical Doerr-Perfection gearmotor. Of 
fered in five sizes, in ratings from 1/20 to 
1 HP. High torque capacities. Flange and 
vertical mountings available 


AND CONTROLS 


Compact 42 frame motor (only 4% 
diam.) in ratings to 1 HP.; all types and 
enclosures; and dual voltage 
Motor shown has both rigid face and 


NEMA Type C face mounting 


single 


when you need a SPECIAL motor 





Contact 
DOERR 


Over 95% of Doerr's production 
consists of motors with one or 
more special features 


Rely on Doerr’s long and special- 
ized experience to solve your prob- 
lems. List your specifications. Then 
let Doerr prove how easy it is to 
select and receive on-time delivery 
of motors that exactly fill your need. 


Special features and modifications 


Special diameter motor parts for use in 


rotary oil burners. Range '/2 to 5 HP 


Sanitary pump motor Doerr- 


Designed to customer's specifications 


dairy 


Special and standard electric motors from 
1/30 to 5 HP that exactly meet your needs. 


NOW AVAILABLE 


*% Larger sizes of gearmotors 


% Low voltage D.C. motors for battery- 
operated equipment 


WRITE FOR NEW BULLETIN ON ELECTRIC 
MOTORS WITHOUT OBLIGATION 


| or MOTOR. ENGINES 


of all types are available. Present 
castings, windings and mountings 
can be adapted to solve new design 
problems at minimum cost. In addi- 
tion, Doerr makes a complete line 
of standard NEMA ratings, every 
motor precision-built to the highest 
standards of quality. 


Discover now why leading ma- 
chinery builders consistently re- 
order Doerr Motors. Before you 
buy, just write or call us in for a 
talk. More than likely. we can fur- 
nish the top-quality power package 
you want. Try us, and see. 


Doerr 
with 


motor 
special 
mounting used 
on leading 10 
table saw. 


Doerr motors are now offered in ratings 
up to 15 HP. Motor shown above is 5 HP., 
215 frame, totally enclosed, fan-cooled 


YOU GET MORE WITH DOERR! 


514 North Fourth Avenue 
CEDARBURG, WISCONSIN 
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AND CONTROLS 





Catalogs 


and 


Bulletins 





To obtain copies of literature 
described below, 
sponding number on 
card. 


circle corre- 
reade} 


SErUICE 


(T-1) Integral and FHP Electric Mo- 
tors—Catalog, 20 pp. Gives specifi- 


cations, dimensions and outputs of 
motors. With exploded views, photos, 
and 
Motors, 


Ave 


dimensional drawings prices 
i lecti ic 


Wilson 


Newman Incorpor 


ited, 357 Newark 5, 
New Jersey 
(T-2) 
nents 


Servo and Synchro 


( atalog, 22 pp 


Compo- 
Describes 


servo motors, motor generators and 


synchros. Included are tables of elec 


trical and mechanical 


the 


properties ol 


servo and synchro components, 
photos and gear ratios available with 
each unit. Daystrom Transicoil Corp., 


Worcester, Montgomery County, 


Penna 


Bulletin PR- 
and 
about built-in three-phase motor pro- 
Metals & 
Thermostat 


(T-3) Motor Protectors 
1243, 4 pp. Questions answers 
Controls 


Div., Attleboro 


tectors ¢ Orp., 
Spencer 


Mass 


(T-4) 


pp 
equipment, 


Motor 
Information on typical driven 


Selection—Guidebook, 


character of loads, start- 


ing and running torques have been 


matched to motor designs, motor 


types and descriptions, starting cur- 
rents, horsepower 


speed and ranges 


ind available enclosures. Give details 
on line of polyphase, single-phase and 
dc motors, 1 
Co., 


Mo 


Century 
Pine Sts., St 


20 to 400 hp 


Electric 18th and 


Louis 3, 
(T-5) Servo Breadboard Equipment 

Catalog, 12pp. Covers line of servo 
components with photos, dimensional 
drawings, descriptions and specs. Ster- 
ling Precision Corp., Instrument Div., 

Matinecock Ave., Port Washing 
ton, N. Y 
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® Large capacity cooling fon is 
ntegrally cast with the fly 





wheel ond provides correct heat 
dissipation sf 


up to 14 F 


oe femperatures 


Supplied in a highly selective range of sizes from 3 to 56 hp., in 

4-cycle single cylinder, 2-cylinder and V-type 4-cylinder models, 

the Wisconsin line offers the power user the right engine to fit the 

job and the machine, without power waste and with the greatest 

power advantage. 

@ All Wisconsin Engines are of heavy-duty design and construction 

...to provide the inbuilt stamina, long-life endurance and low 

cost maintenance so essential to heavy-duty service applications 

Every Wisconsin engine is equipped with such extra-value features 

as tapered roller main bearings at both ends of the drop-forged 4-cycle single cylinder 
crankshaft. Even the smallest models are supplied with FOUR 7.7 to 1212 hp. 
piston rings. 

@ All Wisconsin Engines are of basic High Torque design to pro- 

vide maximum usable power ... the Load-Holding Lugging Power 

that hangs on and carries on under severe shock-load operating 

conditions. 

@ All Wisconsin Engines can be adapted to operation on a variety 

of most readily available fuels... gasoline, kerosene, LP fuels 

natural gas or fuel oil of 35-42° Baume gravity and 35 Octane rating y dependable weather 


@ All Wisconsin Engines are AIR-COOLED for efficient, trouble al i ineaiie: canes aie 


ne je 


free operation at temperatures from low sub-zero to 140°F. (60°C. Soelietie tii | ented Ger eam ensessthiite 


Selivers fost starts af al! times 





@ All Wisconsin Engines are backed by a world-wide service organ 
ization. More than 2,000 Authorized Wisconsin Engine Service 
Stations carry a stock of factory-recommended parts for all models 
The power user gets “more engine” per horsepower and per dollar 
invested in dependable driving power. 

SPECIAL EQUIPMENT — All models can be supplied with variable speed controls 
clutch take-off assembly, electric starter and generator (or starter only), Stellite exhaust 
valves and valve seat inserts (regularly supplied on Models THD, VG4D and VR4D) and 
positive type Valve Rotators. Clutch reduction assemblies available on all models 
except VG4D and VR4D. Rotating screen available for all models. High Temperature 
Automatic Safety Switch also available on all models except small single cylinder 
models. Special equipment must be specified at time engines are built. 


POWER AND WEIGHT SPECIFICATIONS 


MODEL 





BORE : 27 ; ‘ ‘ BORE 

STROKE 2? 2 Y"" - STROKE 

NO. OF CYLINDERS l ! NO. OF CYLINDER 
DISPL. CU. INCHES 2 DISPL. CU. INCHES 
HP. RANGE ‘2— 3.5 4 4— 2 HP. RANGE 

SPEED RANGE—RPM 00 600 0 00-3600 00-32 SPEED RANGE—RPM 
NET WT. IN LBS NET WT. IN LBS 


Engine with Stub Engine with Stub 
Shaft I Shaft 


Added Wt. for Satine wth Site 
Clutch Mount Tank 


Added Wt. for ' . Power Unit with 
eduction ) Stub Shaft 


Added Wt. for Added Wt. for 
Clutch Reduction Clutch 


Added Wt. for 
Reduction 


Added Wt. for 
Clutch Reduction 


WISCONSIN MOTOR CORPORATION 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 46, WISCONSIN 
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AIR - COOLED ENGINES 
S ENGINE COMPRESSORS 
ELECTRIC PLANTS 
ELECTRIC GENERATORS 





AIR-COOLED ENGINES 


MODEL CCK—Smooth-running, com- 
pact, two-cylinder opposed, 4-cycle. 
Gasoline-powered. 12.9 H.P. at 2700 
R.P.M., weighs 148 lbs. Stellite-faced 
rotating exhaust valves, solid Stellite 
seats. Pull-rope, recoil, or electric starting. 


MODEL DRP—Two-cylinder opposed, 
full Diesel, 15 H.P. 4-cycle, air-cooled. 
Stellite exhaust valves and seats. Forged 
steel crankshaft and connecting rods. 
12-volt generator and starter. 

Model CCK 






















Refrigeration, air-conditioning 


@ ENGINE COMPRESSORS 


Compact, integrated in-line units with 
Onan 4-cycle engines direct-connected to 
Onan compressors. No belts, pulleys or 
couplings. Gasoline or Propane operated. 
Optional accessories include batteries, 
starters, generators, fans. 

THREE SERIES... 

AJ4MC: | -ton capacity, 4.1 H.P., F-12 refrigerant 
LKSMC: 2'% tons capacity, 6.25 H.P., F-22 refrigerant 


CCKIIMC: 5 tons capacity, 12.9 H.P., F-22 refrigerant 
eries AJ4MC 














ELECTRIC PLANTS 


AIR-COOLED—Light weight, 
compact; powered by one and two- 
cylinder Onan engines. 500 to 10,000 
watts A.C. gasoline-powered. 3, 5 
KW A.C. Diesels. D.C. and battery- 
charging models. 


WATER-COOLED— Powered by 
heavy-duty industrial engines. 10 to 
150 KW gasoline-powered. Up to 
200 KW Diesel-powered. Gasoline 
models to 35 KW available with 
weatherproof housings. Series SCCK 














50 or 60-cycle A.C., 32 and 110-volt 
D.C. Revolving armature A.C. types 
from 1500 to 10,000 watts. Revolv- 
ing field types from 10 to 35KW. 
Drip-proof design. Rotate either di- 
rection. Ball bearing construction. 
Generators for marine use include 
automatic and manual control vari- 
able speed models. Special generators 
for farm tractor drive by belt or 
PTO available in 4, 7 and 12KW 














Write for specifications and engineering data 


D.W.ONAN & SONS INC. 


3650+ University Ave. S.E, Minneapolis 14, Minnesota 
ELECTRIC PLANTS «+ AIR-COOLED ENGINES + KAB KOOLER «+ GENERATORS 
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Catalogs and Bulletins continued 


(T-6) Diesel Engines—Catalog BU- 
413, 16 pp. Two new engines are 
described with photos, cutaways, 
charts and other illustrations. Ex- 
plains operating and performance ad- 
vantages of the engines. Allis-Chal- 
mers Mfg. Co., Milwaukee 1 


(T-7) Controlled Speed Systems— 
Brochure, 8 pp. Descriptions and il- 
lustrations of typical applications de- 
veloped by company. U. S. Electric 
Motors, Inc., Box 2058 Terminal An- 
nex, Los Angeles 54. 


(T-8) Control Devices—Catalog GEC 
1260C, 88 pp. Covers line of control 
devices with descriptions, features, 
wiring diagrams, dimensions, applica- 
tion data and prices. Indexed. Gen- 
eral Electric Co., Schenectady 5, N. Y 


(T-9) Hydraulic Speed Control—Bul- 
letin FP-1217, 4 pp. Describes and 
illustrates lever-type governor for var- 
iable or constant-speed service. Gives 
dimensions, installation and operating 
instructions and lists parts. Includes 
all specs. Farris Pickering Governor 
Co., Inc., 400 Commercial Ave., Pali- 
sades Park, N. J 


(T-10) Size 15 Servomotor—Data 
Sheet 1258, 4 pp. Introduces new 
115-v, 400 cps, size 15 servomotor 
Details are given on characteristics 
and construction. With dimensional 
data and drawings. Helipot Technical 
Information Service, Newport Beach, 
Calif. 


(T-11) Synchronous Induction Motor 
Bulletin 1900, 8 pp. Graphs and 
illustrations demonstrate design prin- 
ciples of the motor. Applications are 
discussed and illustrated. Includes per- 
formance-data curves. Louis Allis Co., 
427 E. Stewart St., Milwaukee 1 


(T-12) Electric Motors Catalog 
P-86012, 8 pp. Lists, illustrates and 
describes a line of fhp motors— 
split-phase, capacitor-start, polyphase 
and other types. Franklin Electric 
Co., Inc., Bluffton, ind. 


(T-13) Synchros—Data sheet, 6 pp 
Presents characteristics of synchros, 
servomotors, resolvers, motor tachom- 
eters and tachometer generators. Is 
a reference key to more detailed data 
sheets. Muirhead Instruments, Inc., 
677 Fifth Ave., New York 22, New 
York. 
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A nurse nudéed us 
to action 





“We ought to tell all ou people about 
U.S. Savings Bonds as regularly as we 


i a tell them about safety,” said our nurse 
Lt 
z* a ms 4 
; 


in the first aid room. “Many of the men 
and women who come in here don't 
even know we have a Payroll Savings 


Plan.” 


We had to admit she was right. And 
when we called our State Savings Bond 
Director, he agreed with her. He 
helped us set upa company wide infor 
mation plan that tells every emplove e 

tre quently about the advantages of 


buving U.S. Savings Bonds systemati- 


cally, 


That was just a few days ago. Today 
we have the largest employee partici 
pation we've had since the mid-forties 
Peopl alwavs welcome a chance to 
make use of this sound ind simpl Sa\ 
ings plan Today there are more pay 
roll savers than ever before in peace 
time. Look up your State Director in 
the phone book o1 write: Savings Bonds 
Division, U.S. Treasury Dept., Wash 


ington, D. ¢ 
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PRECISION “Técccag 


Designed to your requirements 


MISSILE FIRE CONTROLS 
ROCKET FIRE CONTROLS 
CAMERA CONTROL SYSTEMS 
SEQUENCE PROGRAMMING 


(asTRUMENT CORP 


(antens, mrcnrean, O84 
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Eliminate “high-cost specials” 
USE ARENS STANDARD-DESIGNS 


and you will probably find the control you are look- 


See us first 
ing for. Save the time and expense of having a special remote control 
designed, because one of Arens’ 44 and growing all the time) stand 
ard-designs will probably fulfill your requirements. But if not, our en- 
gineering and research department will be pleased to work with you 


on special controls for your application. Write us your requirements. 


F 


"yen # 
i models, please AX FD FF PR & CONTROLS, INC. 


number 2013 Greenleaf Street, Evanston, Illinois 
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NEW from 





SIZE 11 GENERATOR 
PERFORMANCE in a 
SIZE 10 PACKAGE 






Model 
SJSHLX7-1CC 


Power input, Stoll.. 3.6 watts 








¥ @ O rpm..... 019 This dar ng type motor 

tachon eter is te s tr an 
Seal Factor...... 500 ¥/1000 rpm > ap teaker ated ee o> sor pte 
Stoll torque...... .5 in.-oz. high in performance for a size 
Wo load speed... . 6000 rpm (min.) 10 frame. Minim um stall 

torque 2 in.-0z.; the higt 
Mox. power output. 63 watts output gradient is § volts 
Temp. range. .... —54°C to +105°C per ti and rpm and operat 

ing temperature range fror 
Weight. . seeeeee 4.8 o7. —54 + + rede jard 


am 


GD _/- astern 


A 


ai. 

| 27° — _ 
38 1CENTRAL AVENUE 

CVICES, inc. DOVER, NEW HAMPSHIRE 
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Gearmotors for 


MOTION AT LOW SPEED 


And Special Electrical Equipment 
@ Speed 1 to 200 RPM 

@ Power 5 to 500 in. ozs 

@ Five basic sizes 

@ Machine cut gears 

@ Finish ground shafts 

@ Semi-oilless bearings 

@ Continuous or intermittent 
@ Special features available 
@ Millions in use 

@ Prompt delivery 

@ Ask for our literature 


—_ 
M 2 ‘ g 
and jf ¢ igh frequen 
m rs, generators, rectifier 
type power supplies and other 

® Special Ek trical Equipment 
We invite ir inquiries 


Designers and Manufacturers of 


SPECIAL INDUCTION MOTORS 
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Catalogs and Bulletins continued 


(T-14 Solenoid Valves and Electro- 
Brochure, 4 Com 
densed catalog cf entire lin Com 
pletely illustrated. Automatic Switch 
Co., Florham Park, N. J 


magnetic Control 


Brief info 
, thermostats, 


(T-15) Controls—Folde: 
mation on line of relay 
motor controls 
and snap-ins. Hart Mfg. Co., 110 
Bartholomew Ave., Hartford 1, Co 


rotary and switches 


(T-16) Ac Motor Sizes Catalo 
NEMA frame 
assignments and overall dim 
ic motors in new NEMA frames sizes 
from 364 U to 445 U. Expla 


sheet, 2 pp (sives 


nsions oO 


tO compare dimensior ot Series ( 
motors with those of Series D Rel 


ince Electric and Engineering Co 


24701 Euclid Ave., ¢ 


(T-17) Weatherproof and Explosion- 


proof Housings Bulletin B-158 
Selection and specifications 
t luminum | I 
ho ) listed 
tion d tect t 
\ t Mtg. ¢ \ 
( 






worlds Mmoct pe Spe cled motor 


BROOK MOTOR CORPORATION 


CHICAGO 45, ILLINOIS 


3553 WEST PETERSON AVENUE, 
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(T-18) Panel Designing—Handbook 
EE-120-B, 68 pp 
panels for the control of m 
ind machine tools. Mate 


Data on des gen 


“= | Molon 


fractional 


ranged in order of simplicity 


tion, starting with manual 
contactors and on thro } 
cal interlocks and solenoid-operated horsepower 
brakes. For each item listed, there 

ire illustrations, diagrams, dimensio ofors 
ratings, catalog numbers and orderin 

nformation Cutler-Hamme I 

96 N. 12th St.. Milwauk \ Skeleton Types 
consin Gear Types 
(T-19) Mill Motor —Bullet PB 
9000-2 + py Electric | 

na ul ) : 

mature ¢ S and field 

ussed. Wit han les | 

hotos ler } \ 

Elli Ci Jeannette, P 


(T-20) Immersible Motor—Bu 


{) »p { uc 
i | 1. De ! 
ded al g with 
ns ! Ik 
Vate chen 
Louis Allis Ce Dept. P I 
S St M k 


CUSTOM- 
MANUFACTURED 
TO YOUR 
SPECIFICATIONS 


YOU Cam 
insted 
and forget! 





BROO} VIOTO 


SINCE 1904 


4 Votor and 
Coil Corp. 

















N 
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Reprints Available From 


Product Engineering 


In the event you may have missed some of the Special Reports which have appeared in Product Engineering recently, we 


are listing below those which are still available in reprint form. 


You may obtain any four of them for $1.00. Simply indicate below those wanted, fill in your name and address and 
send, with your check, money order or currency, in the enclosed self-addressed envelope. 


R4 Nuclear Reactors (April 1956) 
New problems posed by nuclear reactions in mechanical design 


materials, pumps, valves, seals, bearing and lubrication, instru 
ments and controls, remote handling equipment 


R5 Plastics For Structural Uses (June 1956) 


New developments in plastics for load carrying applications 
summarized and classified in terms of design requirements 


R6 Functional Design of Hydraulic Systems (July 1956) 


Ten basic principles that lead to effective design for both 
simple and complex systems 


R7 Photostress (September 1956 


New technique for photoelectric stress analysis for observing 
and measuring surface strains on actual structures and parts 


R8 Why Bearings Fail (October 1956) 


Systematic description of the most common causes, and rem 
edies of sliding and rolling bearing failure 


RY Colored Finishes For Copper (December 1956 


Describes natural finishes on copper alloys obtainable through 
combinations of chemical conversion and mechanical treatment of 
surface 


R10 Analysis and Design of Air Motors (February 1957) 


A comprehensive study of flow through vane air motors, includ 
ing graphs for easy design analysis of new and existing motors 


Send the reprints indicated to: 


NAME 


R11 Toward A New Design Philosophy (May 1957) 


Eight articles, with case studies, highlighting significant guide- 
posts for tomorrow's engineering; how research and development 
are coordinated with design 


R12 Color and Textures For Aluminum (September 30, 1957) 


How texture and color are added to aluminum surfaces: texture 
and surface design, metallurgical finishes, application of color. 


R13 Lubricating With Air (November 25, 1957 


How to Design Hydrodynamic Gas Bearings including latest 
research information on gas bearings developed through a co- 
operative program sponsored by eleven government agencies 


R14 Pre-Painted Steel (December 9, 1957 


Metal preparation, how to choose a paint, paints available 


R15 Printed Wiring (August 1956) 


Types of wiring, materials, components and design; selectin 
Pp £ Pp 

base material, conductor size: constructing prototype and pre 
paring master drawing 


R16 The Engineer's Bookshelf (March 1957 


Handbooks, text (in 21 subject classifications) bibliographies 
library references, and periodicals recommended by authorities as 
best technical references for a personal or company library 


R17 The Engineer Comes Into His Own (March 31, 1958) 
Summary of current thinking on what makes him tick; his 


growing ties with other sciences: his responsibilities as individual 
citizen and human being and what tomorrow holds for him 


R5 





COMPANY 


R6 





BUS. ADDRESS 


R7 





CITY, STATE 


R8 





Enclosed: $ 


R9 





RIO 


Mail to Reader Service Dept., Product Engineering, 330 W. 42nd St., New York 36, N.Y. 
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ELECTRONIC COMPONENTS 
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> se 


Metal Rectificers and Semi-conductors 


IRE Standards on Reference Designations for 
Electrical and Electronic Equipment 


Sensitive Dc Relays 


Characteristics of Commercially Available Servo Modulators 
by Basil T. Barber and L. S. Klivans 


Operation of the Intrinsic-barrier Transistor 
by J. M. Early 


Types and Uses of Thermistors 


Switch-time Nomograph 
by T. A. Prugh 


GENERAL 
ENGINEERING 


METALS 
AND ALLOYS 


NONMETALLIC MATERIALS 
AND FINISHES 


FABRICATION AND 
PRODUCTION PROCESSES 


POWER 
TRANSMISSION 


MECHANICAL PARTS 
AND DESIGN ANALYSIS 


FASTENING 
AND JOINING 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


Wi 


Metal rectifiers 
and semi-conductors 


The potentialities of the rectifier device have 
been greatly extended by the introduction of ger- 
manium and silicon rectifiers, however, earlier 
copper oxide types have been improved and con- 


tinue to retain their place for certain duties. 


opper-oxide rectifiers laid the foundations 
he metal rectifier in many fields, but its bulk 
efficiency limited its application. New copper 
xide rectifiers offer improved reverse current characte 
stics enabling elements to be operated at higher reverse 
voltages, resulting in savings in space and weight. Improved 
everse stability has resulted in satisfactory operation at 
gher ambient temperature ncreases operating voltage 
element (requiring fewer elements in series) and re 
duces voltage drop. Performance curves, Fig. 1, clearly 
istrate the improved characteristics of the old and the 

¥ copper-oxide rectifier 
With their \ rwal esistance and stable reverse 
particularly suitable for 
trumentation provements in design have resulted in 
operation at high urrent densities and increased ambient 
temperatures. As a ! e modern selenium rectifier 
has higher efficiency, high power to bulk and power t 
veight ratios. A new process in which the selenium 


FH 


il £04 4 i sere! ix 


| 1 on to the suppo g plate offers higher « 
ney, greater stability and longer life 

Conventional stack construction is still used in many 

lesigns for its simplicity and low assembly cost. The con 

cooled design, where the heat is transferred to the 

nproved and a full range of 

contact cooling principle 

rea plates handling heavy 

urrents llation indiing about 1.000.000 imp are 


n service r to weight factor for selenium of 


COMPARISON AND CHARACTERISTICS OF RECTIFIERS 


Output to voltage curves, Fig. 2, are useful preliminary 
guides to rectifier choice, but further consideration should 
be given to space savings, economics and duty. For any 
riven output the germanium and silicon semi-conductors 
re more compact than selenium all three being smaller 
than a copper-oxide rectifier. This is partly due to the low 
forward resistance per unit area of the semi-conductors 
ind partly to the high voltage which they can withstand 
in the reverse direction. The forward resistance of german 
ium is however lower than that of silicon. Silicon will with 
tand higher voltages and temperatures than germanium 

The dc voltage to current characteristics, Fig. 3, show 
that a rectifier operating at normal current density voltage 


drop will be low with copper and germanium, higher with 


2 


Fig. 1—Performance curves for forward and reverse 
characteristics of old and improved copper oxide rec- 
tifiers. 


ration the 


> forwal 


ration m 
ambient plus 


not exceed the 


ng tempera- 


should not 


They 

on 

rent 

rlier types 
to current 
lesigned on 
rectifier. A 
can handie 
working at 


increase in 
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Fig. 2—Voltage curves for the four recti- Fig. 3—Forward and reverse characteristics Fig. 4—Germanium rectifier overload 
fiers provide a guide to their capabilities. of the four rectifier types. characteristic curves. 


Voltage overloads will gi rise to increased leakage Other applications for germanium rectifier are 
current and internal heating. Germanium and silicon recti supplies for electrolytic cells requiring several thousand 
are more sensitive and operating conditions must be amperes at up to 100 vy, electro-refining processes, a! 


considered when rating the rectifier Voltage regulation 


‘ > 


furnaces, transformer-rectifier equipments for 12 and 24 

characteristic of a typical silicon power rectifier unit, Fig unit testing, 28 v aircraft equipment tests, 50 v telepho 
t é t 

5, indicates that the variation in output voltage with load relays, and power supply for seperately excited de moto 


small and need not be considered Performance characteristics of silicon rectifiers are wel 


established, providing guidance for their application. Silico 


PARALLEL AND SERIES CONNECTIONS 


rectifiers at sd for Outputs above 
. vA . . ; es af , 
taken when connecting germanium and a of 10U \ qk 
. , . | ] 
Rectifiers mu be selected and closely UO v at lower values ol 
reduced i n electric railway subs 
other devi iriable speed drives 
inces IS 
Absolute ¢ enc ff a rectifier is dependent upon 
many facto! g., circuit connection, type of load, and 
ficiency of the transformer and other electrical equip 


ment. Table I lists the eff nc\ e rectifier alone 


| to ibout LOO \ u ng i ngie | l rie lower 
forward resistance of gern i * more efficient 
Above 100 v where a greater n germanium diodes 
are necessary, german ar are equally efficient 


with the tendency for n to be slightly superior 
APPLICATION 


Selenium rectifiers with their superior characteristics 


resulted in copper-oxide rectifiers being restricted to elec 





tronics, telecommunications and instrumentation; for ex 
ample, in converting moving il instruments to read 
ac values 
Selenium rectifiers have been proved for radio and 
television receivers and their ability to withstand short 
circuits and overload conditions makes them an excellent 
choice for small battery charges. The same conditions Fig. 5—Voltage regulation characteristics of a silicon rectifier 
prevail with electroplating equipment though the larger 
installations and automatic plants use germanium units Table I—Efficiency of Rectifier Alone 
for their higher efficiency and compactness. Up to 5 kw 





selenium is usually the most economical. Above this and for 
outdoor or tropical conditions, silicon is preferred 

[he germanium rectifiers provide the most efficient 
means of ac/dc power conversion up to about 100 v 
They are compact and simple requiring little maintenance 
with no measurable deterioration of operating character 
istics. They are used for large power outputs at low 
voltages, where small bulk and high efficiency are required 
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IRE standards on reference designations 
for electrical 
and electronic equipment 


This standard was prepared by a joint Task Group composed of members 
of the IRE Symbols Committee and the ASA Y32.2 Committee on Graph- 
ical Symbols. It is based upon, and is compatible with, MIL-STD-16B and avoids 
the need for two systems of reference designations where both commercial and 


military work may be performed in the same organization. 


NDARD establishes principles gov le The letter n the ca 99 in the first 


the formation and application of ft a mav be omitted fro consecutive blocks of numbers 
electrical and electronic reference drawings and need not be stampex be assigned. When additional 


gnations. It also provides a list on equipment for such parts as tran bers are required, a block 


designating letter Tor i ind formers panels, sockets. and ther not consecutive with the 


ssemblies or subassemblies sl | used, pl 


here no confusion will resu numbers may be 


ims (wiring, schematic Ihe number of the reference d note is included on the dr 


electrical and electronic parts rnation follows the letter lette: n the parts list 
Reference designations are not | vithout a hyphen and shall be o Reference designations 


nded to replace drawing, part type same size and on the same line le signed to nonduplicated sut 


stock numbers. Device designation ssignment of numbers should convenience in 
separate power switch-gear an erably start with the lowest iber ption with diagrams 
ver control systems are 1m the upper lefthand ssigned for duplicated 
by this standard. In case ; schematic drawing of th 


d e assembly or nd units. The assignment 


proceed in a log i erence designation to a subas 


ferable that the reference desi manner from left to right and f1 


other designations are used, 1 I subassembly and 


does not preclude the necessity of 

tions be used in addition top to bottom. However, it is not re signing designations to eacl 
quired that the series of numbers be dual parts 

REFERENCE 

DESIGNATIONS 


necessarily consecutive or complete Identical subassemblies 


In the case of successive improve duplicated within a unit 
Reference designations ire com ments of a piece of equipment some other units of the same 
Ninations oOo! letters and numbers of the p rts mav he eliminated Here sets shall 1, 
vhich identify parts, subassemblies s unnecessary to remaining rt 
semblies, and units of a set on erely to keep the number series con semblies shall 
uipment diagrams drawings, parts noiaiiiien The parts list will show sien diilaai ieee e complet 


technical manuals, and others : 
: ole which numbers are missing. Refe1 dentification of the parts in these 
letters in a reference designation . : 
sn — . ence designations applying to elim! subassemblies shall be made by pre 
ow the class of parts or identify a , ; : 
Pore: Pract, ay por nated parts or subassemblies should fixing the basic designation by the sub 
hy } > her ‘re . 
ubassembly. The number differenti- 
— . not be reassigned ssembly reference designation. On 
tes between parts or subassemblies of 
the diagrams and drawings where the 
the same class. A reference designa- 


BLOCK 
tion is not necessarily an abbreviation NUMBERING METHOD 


used, a note shall be included 
tor the name of an item 


incomplete reference designations ar 


Parts in the first unit shall be num Reference designations are incom 
FORMATION OF bered consecutively from 1 to 199 plete For complete identification, 
REFERENCE Fig. 1, and parts in the second unit 


prefix the part designation with the 
DESIGNATIONS from 201 to 299. 


and so forth. If subassembly designation 
Che letter or letters of the refer there are more than 99 parts of a Where incomplete designations are 


nce designation shall be as indicated single class in a unit, or more than ed on only a portion of a diagram 
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the note shall specify the portion of the subassembly, part o1 


the diagram to which it applies. If a Where parts comprising 
set includes two or more identical ssembly are scattered thri 
t} 


a sufficient po 


( 


units, the reference designation of the Irawing 


parts in each unit shall be identical complete reference desig 


be included to pel 
UNIT dentification. On diagrams 
NUMBERING METHOD id units, either the complete 


An identifying number shall be as : designation | s 
— lati alli 

signed to each unit. This number shall vere abbreviated 

tions Shall be used ot h; SUFFIX LETTERS 


all units t. This numbe cluded substantial 


rt with one and run consecutivel' 


1 Reference 


ferer . 
LCTOCTIC(G UCs 


the n An exception plete. For 


1} 
\ 1 


made for units which are enclosed de 

within the same cabinet, mounted u assem 
common rack or rwise similar! 

oined together wi 

assemblies. In this 

by 


e treated as subass¢ 


he complete refe 





rt which is 

a subassembly 
number identif) 

letter(s) ide 
vhich the part 


i number identify 


designatio 
subassembly con 
the unit number! 
fic unit: the le 
subassembly 
the specific 
(s) identifying the 


o which the part belongs, and a nun 


er identifying the specific part. Num 


rs within each cla 
and run consecutively 
lies of subassemblies 
in the same manner, | 
tf subassemblies 
The unit numbering method cat 
expanded as much as is necessary) 
dentification of items result 
ny degree of subdivis on 
f 


LOI fabricat ng OI STOCK 


rposes Fig. 1—Application of reference des:gnations using the block numbering method 
Subassemblies and parts not asso 





ciated with units may be identified 





desired. If designations 

he subassemblies and pal 

dentified in the same manner as thos 

issociated with units, except for tl 

omission of the unit numbe! 
Abbreviated reference designatior S 

may be used on diagrams, drawing 

and units when the appropriate unit 


and subassemblies are evident Fo 








these applications, the reference des 





ignation may be limited to the 2 


Fig. 2.—Subassemblies shall be identified in the same 


letter(s) and the number identifying manner as parts that are not integral with a subassembly 
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MARKING 
The reference designations shall be 
marked in such a position as to phys- 
ically locate the parts and yet be 
readily visible for purposes of main- 
tenance removal of other 
parts. The primary intent of this re- 


without 


quirement is that removal of a part 
or subassembly shall not result in loss 
of identification of the physical loca- 
tions of that part or subassembly 
Reference designations shall be ab- 
breviated as necessary to permit sub- 
assemblies to be used in multiple ap- 
plications. If space limitations pre- 
clude such marking, as an alternate, 
a diagram showing the location of 
parts or subassemblies shall be placed 
n the subassembly or unit, respec- 
tively, where the diagram is visible 
when the parts or subassemblies are 
viewed. The requirements in this para- 
graph for marking do not apply to 
consumer products where it is not 


customary to mark reference designa 


tions On the equipment or the part 


parts 


enclosed in separate and removable 


Reference designations for 


Shields or compartments may be 
marked on the shields of supporting 
structures for such parts, provided 
that the replacement of such parts 
does not require destruction of the 
original shields or supporting struc- 
tures and provided that such shields 
Or supporting structures are not in- 
terchangeable with other shields or 
supporting structures within the unit 
Reference designations shall not ap- 
pear on electron tube shields 
Reference designations of such 


parts as electron tubes shall be 
marked next to the socket of the part 
on the insertion side of the chassis 
Reference 


or supporting structure 


designations ol sockets shall be 
marked next to the socket on the 
the wiring side of the chassis. If space 
limitations preclude such marking, a 


diagram showing the location of the 








1A3R4 


Fourth (4) resistor (R 
1) unit 


second (2) unit 
6A1T10 
of sixth (6) unit 


L1A2A3 





Subassembly Part 
Letter and No 
of third (3) sut 
2A4C1 ‘First (1) capacitor (C) of fourth (4) subassembly (A) of 
Tenth (10) transformer (T) of first (1 


rhird (3) subassembly (A 
of eleventh (11) unit. 


ae 


Class ind No. 


b assembly (A of first 


subassembly (A 


of second (2) subassembly (A 








Fig. 3—Application of reference designations using the unit numbering method. 
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parts and sockets shall be placed 
where it is visible when viewing either 
the parts or the bottom of the sockets 

“Reference designations are incom- 
plete. For complete identification 
prefix the part designation with the 
subassembly 


designation—Unit No 


Those units that are duplicated 
within a set or used in more than 
one set shall omit the unit number! 
on this note and leave 
the number can be marked 

When 


ignations are used for 


abbreviated reference des 
removable sub- 
ssemblies under the block number! 
ng method, a note similar to the 


shown above shall be marked in a 
prominent place on the subassemblies 

Reference designation markings 
shall be permanent and legible. The 
markings on plastic or metallic ma 


terials should be effected by some 
method such as stamping, engraving 
silk screening, or stenciling with 
smudgeproof ink covered with a co 

of clear lacquer. Paper labels or dk 


ils are not recommended 


SPECIAL PROCEDURES 


A socket or fuseholder 
ways associated with a single 
lar part ol subassembly 
electron tube, fuse, o1 
board (not containing a 
rical connector), shall be 

composite rererence 
ncludes the class lett 
letter(s) and numbe! 
the associated part Ol 


When 


required to identify ca 


reference d 
nectors, the reference 

the mov ible connee OI 
shall be included in paret 
drawings and diagrams 


tionary connector marking 
identification may 
movable-connector designatior 
sirable. Whenever possible 
digit of the part number sh 
same for the stationary 
ble connectors 

A potted, embedded 
ordinarily 
shall be 


reference 


ally sealed subassembly 
replaced as a single item 
treated as a subassembly for 


designation marking purposes 


REFERENCE 

IRE Standards on Refer 
tions for Electrical and Electronic Equip 
ment”, 1957, Published in Proceedir 


he IRE, November 1957 


ence Desig 
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Table I—Classes of Parts 
Alphabetica 


Acceiecrometer 

Adapter, conn 

Alarm 

Amplifier ther than C 
Amplifier, rotating Cc 
Annunciator Cc 
Antenna; acrial C 
Arrester, lightning f ¢ 
Artificial line Z Delay line 
Assembly Detector 
Attenuator Dev 
Audible signaling devic« or the 
Autotransformer r Dia 
Ballast lamp, ballast tut Diaphragn 
Barrier photocell! Diy 


ysta 

rystal diode 
rystal, piezoe 
rystal unit 
-utout, therma 


ante 
Disconnex 
Dis ntinu 
Bimetallic striy 
Block, connecting 
Blocking layer cel! 
Blower; fan, mot 
Board, termina! 
Breaker, circuit 
Brush 
Buzzer 
Cable 
Capacitance 
Capacitor 
ck 
y, tuned 
» aluminum 
light-sensitiv 


opera i 
Coil 
age 
Coil, rep« 
Computer 
Connector 
with 
female 
to be m 
wall, chassis 
Connector, pl 
Mmaic, tema 
maic conta 
be affixed t 
conduit 


ontactor 

ontactor 

mally oper 
Counter (indi 
Counterpe 


rust car ! ord t loscope 


unterpoise lipo antenna MG Motor-gener 
ectrical shield; electric t MK Micropt 
m f 


tact; gap; individual termina itte 
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From: Mechanical World 


Sensitive dc relays 


A simple, economic, switching device, the relay when properly 


applied, can give long and consistent service. Sensitive relays— 


particularly the miniature type—may need special consideration. 


Simei RELAYS are made in var- 
ious forms consisting of an operating 
coil wound on a suitable form, the 
magnetic circuit being completed by 
a frame or yoke on which the arma- 
ture is mounted. The armature is 
spring loaded so that its normal posi- 
tion is away from the coil core. It is 
attracted to the core when the coil 
is energized to open OI close asso- 
ciated contacts. The armature may be 
part of the switching circuit or act as 
a lever to produce the required con- 
tact movement 

The input circuit is a control cir- 
cuit for the switching of the output, 
but both circuits are electrically in- 
dependent of each other. The relay 
may function satisfactorily on an in 
put power of less than a microwatt, 
and yet be capable of switching sev 


eral watts through the output circuit 


SENSITIVE RELAYS 

Sensitive relays are those with ex- 
tremely high control ratios. Such re- 
lays can be miniaturized, retaining ex 
treme or broad sensitivity as desired 
The main limitations are mechanical 
wear and deterioration of the con- 
tacts, although a life of several million 
cycles may be expected from a good 
quality relay. Intermediate attention to 
the contacts may be required depend- 
ing on the original relay design and 
the application. The principal cause 
of contact wear is arcing that results 
in carbon build up and pitting. 

Below 12 volts a current of any 
magnitude can be interrupted without 
arcing; and below a certain limiting 
current value, any voltage can be in- 
terrupted without arcing (up to the 
breakdown voltage of the air gap). 


Above 12 volts, arcing may occur if 
the current exceeds the limiting arc 
ing current for the contact material 
used. Typical values of limiting arc- 
ing current are given in Table | 
Arcing or sticking of the contacts 
may be experienced on small dc re 
lays operating well below the nominal 
tating of the contacts. For example, 
On an output circuit voltage of 4 to 6 
volts, with silver relay contacts stick- 
ing may take place at 500 milliamps 
The load in such cases is usually in- 
cuctive causing a momentary surge of 
higher voltage on ‘break,’ sufficient to 
produce arcing conditions. Inductive 
loads always tend to promote arcing 
on ‘break,’ causing increased electrical 
wear even if the arcing does not pro- 


duce actual welding 


ARC SUPPRESSION 
Arcing can be overcome in two 
ways: by arc suppression with a ca 
pacitor and resistor; or by reducing 
the current flow through the relay 
contacts by employing a slave relay, 


Fig. 1, 


the latter case the load will again be 


to pass the higher current. In 


inductive, but of an acceptable level 
The slave relay can utilize a low re 
sistance coil since the operating power 
can be higher, and the contacts can 
be heavier to handle much higher cur 
rents without trouble 

Capacitor shunting the contacts also 
suppresses arcing. The most effective 
method for simple inductive loads is 
usually a capacitor and resistor in 
series across the relay contacts, Fig 
2. The resistor controls the rate of 
decay of current and diminishes the 
physical size of the capacitor which 


might otherwise be required. 


4 matched combination of resistor 
and capacitor can be achieved by us- 
ing a decade capacitor box in conjunc- 
tion with a number of standard re- 
sistors in the circuit as drawn. The 
contacts are viewed in darkness and 
circuit values adjusted until arcing at 
the contacts has disappeared. The 
minimum size of capacitor consistent 
with complete quenching should be 
used. Higher resistor or lower capaci- 
tor values could be used with marked 
improvement over normal arcing, but 
not complete suppression 

In a typical circuit test with an 
inductive (coil) load of 6-10 ohms and 
6 volts operating voltage complete 
are suppression Was achieved using a 
0.5 mfd capacitor and 47 ohm resis- 
tor in series. Such values are con- 
sistent—1i.e, having established a set of 
values for a load comprising an in- 
ductive coil, these will normally hold 
good for any other coils of similar 
ohmic resistance 


ARC SUPPRESSION 
FOR ELECTRIC MOTORS 

With an electric motor, each unit 
will need investigation to determine 
the best values for the suppression 
components. For a similar output cir- 
cult with sub-miniature dc permanent 
magnet motors of 3-5 ohms armature 
resistance, suppressor capacitor values 
varied from 0-1 mfd to 1 mfd (the 
lower value associated with a 100 ohm 
resistor and the higher with a 25 ohm 
resistor) 

A suppression circuit for a motor 
is effective only for arc suppression 
and does not necessarily assist radio 
frequency suppression. Complete sup- 
pression or isolation of a motor from 
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Table I—Limiting Arcing Currents 





Contact material Limiting arcing current, 
amps. 


Gold 0.4 
Palladium 0.6 
Platinum 0.9 
Rhodium 0.35 
Silver 0.45 
Pungsten 1.4 
10% gold—silver 0.25 
10% palladium—silver 0.30 
10% iridium—platinum 1.0 
40% silver—palladium 0.5 
alee er —eed 0 35 i—Using a slave relay to overcome 














arcing caused by inductive loads. 








adjacent electronic circuitry demands 
the use of chokes in series with the 
motor and capacitors in parallel, Fig 
3, wired as close as possible to the 


brushes of the electric motor 


SELF LOCKING RELAYS 


For many applications a self-lock 
ing relay is desirable. This requires 








the use of an extra pair of relay con- a —— 
tacts. Separate de supply can be used, Fig. 2—Arec suppression using a capacitor and resistor in series across the contacts. 


Fig. 4, or the input voltage can be 





used, Fig. 5, to provide the ‘holding 
current 

With the separate dc supply, Fig 
4, the armature breaks the coil circuit 
as it starts to move away from the 
first contact, therefore, the second 
contact must be set quite close, arma 
ture movement being completed by 
inertia. The relay will act as a buzzet 


(with a continuous Input signal), OI 








merely trip once for each intermittent | 


input signal if armature inertia is in 





sufficient. A reset switch is incorpo! Fig. 3—A typical circuit providing complete suppression for adjacent electronic or 
ated in the ‘holding’ battery circuit to radio circuits. 

release the relay. Only a momentary 
break is required in this circuit to re- 





store the relay to its original position 
and unless the reset switch 1s left 
closed the self-locking action of the 
circuit is destroyed 

[he second circuit, Fig. 5, connects 
the other side of the input to the sec 
ond relay contact. The input voltage 


must be a constant supply and actua Ss _ 








tion of the relay is initiated by trig- 
gering a second contact—e.g. a push 


button, a pair of another relay con- 





tacts responding to a signal pulse, etc 
Release of the relay is again brought 
about by momentarily breaking the 


coil circuit 


REFERENCE 


“Sensitive d.c Relay Applicatior : ~~ - 





Mechanical World, November, 1957, pp a 
499-S01 Fig. 5—Self locking relay circuit using input voltage. 
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From: Control Engineering 


CHARACTERISTICS OF COMMERCIALLY 





PART 
MANUFACTURER NUMBER 


CARRIER 
FREQUENCY, 
CPS 


CARRIER MAXIMUM 
VOLTAGE INPUT 


MAXIMUM 
OUTPUT 
VOLTAGE 





DIODE MODULATORS 


BRADLEY LABORATORIES 
170 & Columbus Ave. 
New Haven 11, Conn. 


Silicon 400 
bridge 
modulator 


2 volts rms 0 — 0.5 volt; 
input resistance 
2,700 ofms 


0-1.6 volts 





SANDERS ASSOCIATES Phase 
Nashua, WN. H Comparator 
Model 2 


Full-wave 
diode bridge 


50 volts 


35 volts rms, 
sine wave 





SERVO CORP. OF AMERICA Model 2315 
20-20 Jericho Tnpk. tentative 
New Hyde Park, L. |., N.Y. specs 


Diode 60 and 400 
switching 


115 volts rms 25 volts 


25 volts 





SYLVANIA ELECTRIC PRODUCTS, INC 
100 Sylvan Road 
Woburn, Mass 


Crysta 
diode 


varistor 


2-4 volts rms Not 
specified 


Not 
specified 





Crysta 
diode 
varistor 


Not 
specified 


Not 
specified 





Type 1N435 


Crysta 
diode 
varistor 


Not 
specified 


Not 
specified 








TRANSITRON ELECTRONICS CORP 
168-182 Albion St. 
Wakefield, Mass. 


Not 
specified 


Not applicable 
(can be 
connected as 
ring or bridge 
modulator) 





Matched 
silicon dlode 
modulator 
quad 


Not applicable 
(can be 
connected as 
ring or bridge 
modulator) 





MAGNETIC MODULATORS 





GENERAL MAGNETICS, INC 
135 Bloomfield Ave 
Bloomfield, N. J. 


Magnet 
modulator 


150-0-150 
microamp 
into 1,000 ohms 





Magnetic 


modulator 





Magnetic 
thermo 
couple 


converter 





Magnetic 


modulator 





150-0-150 





Magnetic 


modilato 
Odul ator 


mpedance 
200 ohms for 
each winding 





LEAR CAL DIV. 
LEAR, INC. 

3171 S. Bundy Or 
Santa Monica, Calif. 


Magnetic Standard 
modulator 60 cps 
to 10 k 
Low impedance 
models to 
100 kc 


Onn mle 
0-200 microamp 


into modulator 
with 70-ohm 
signal winding 
current and 
voltage 
sensitivity 
change with 
Ss gnal wind ng 
resistance 


2-3 volts rms 
sine wave from 
high-impedance 
winding of 
suitable output 


transformer 





MINNEAPOLIS-HONEYWELL REG. CO 
Boston Div. 

1400 Soldiers Field Rd. 

Boston 35, Mass. 


Second 
harmonic 
magnetic 
converter 


10 millivolts 
into 550 ohms 


1 volt at 2,500 


cps 








by BASIL T. BARBER 
Speiry Gyroscope Co 
L. S. KLIVANS, 


Radioplane 





AVAILABLE SERVO MODULATORS 





LIFE 
EXPECT 
ANCY 


MAXIMUM 
AMBIENT 
TEMPERATURE 


SEALING NTACT DULA 
ARRANGE MOUNTING Size WEIGHT LOSURE FREQUEN 
MENT F ‘ 





Not 55to + 85 ot Not Not specified Not Not N Not 10 millivolt 
specified deg C specified specified specified applica fied pecified max. at room 
temperature 
15 millivolt max 


r temnerature 
ver temperature 

















range 
Not 125 deg C Hermetically 8-pin octal Diam—1 in 2 o7 nversion 20 percent n phase w Dynamic range 
specified sealed Height n eff v f ca x 46 dt 
5,000 100 deg C Hermetic Plug-in 3x7x9Q in 4 ib Not nt Not 5 millivolt 
hours sealing chassis applica f é app 
available 








uw 
o 
> 
z 
oo 
mW 
3 
> 
o 
= 
2 
3 
=z 
=z 






























































N + N ; N + 
minimum 75 deg C pecified n pecified applica ed specified pecified 
* aoe 
: d 
f\ “ c ac A nin + > ; 
500 hours ; Not 8-5 ' N N N Not Not 
minimum 90 deg pecified d ) pecified pecified e d 
500 hours 50 t Not 8-p - | May IZ N N N N Not 
minimum +75 deg pecified 1.312 in pecified p j d pecified 
ated 
ght 
1% 
Not 85 deg iiaiens . Length N Ahout ; 5 millivolt 
specified aled miniat n unbalance voltage 
Heig mpedan b 
. ‘ with dc bla 
dala 
} 
Not l deg Herm y pin : N About milliv 
pecified a m ature ‘in ) pe t unbala voltag 
Ww f FY rr rnar 
5 - 
high w bala t 
neignt mo . an be n 
% In rcults) with dc bla 
e balancing 
Unlimited St ( Hern y ds and lx 1% 4 Not f t deg milliv m 
deg sled 4 on , bP ‘ 
Ge iV Geg max 
Un mited ; Herm y g ax aX N t deg m ’ T 
deg C d @ In 4 ~ f sercant af 
ade . deg max thut 
Unlimited c+ ) eee . 4s and 1 Vax N ‘ deg milliy mon 
deg C d 5 percent of 
heade . deg may frit 
Unlimited 7 - . 4 errr N g milliv max 
deg d r ‘ ‘ 
ade 8 deg max tput 
Unlimited £ tn 200 Mermot y d 4 ’ y N g rr y wr 
a > r 7 ~ ~ £ 
deg aied g f f 
heade 80 deg max put 
Un mited . deg fn Ww mot y W 6 > mtg , N — g thar ) 
ealed bolts. ] n r ~ amn 
ne c * - nt a 
ente . Q equiva 4 
termin frequency gnal ina m 
header 2 modulat 
Unlimited 165 deg F Hermetically Tw rn f N t of Not microv 
ny 8-In 2ad Help 
RE} &KENCE: 
‘ : f Camer " rally 1 liyplart | 
Characteristics of Commercially Available Servo Mo ors” by Basil T. Barber, Sperry Gyro . 


Co. 


and L. S. Klivans, Radioplane. Published 


oe 


r. November, 


" 
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MANUFACTURER 


PART 
NUMBER 


CARRIER 


FREQUENCY, 


CPS 


CARRIER 
VOLTAGE 


MAXIMUM 
INPUT 


MAXIMUM 
OUTPUT 
VOLTAGE 





a 
"4 
ie] 
Ne 
= 
a 
=) 
Q 
ie} 
F 3 
a 
s 
& 
z 
< 
= 
O 
a 
= 
0 
"4 
- 
oO 
ive) 
al 
a 





AIRPAX PRODUCTS CO. 
Cambridge Div. 
Cambridge, Md. 


Type 175 
Serles 
300, 310, 320 
Series 350 


Chopper 


60 or 400 


6.3 volts rms 


0-100 volts 
at 0-2 milliamp 


Square wave; 
same as Input 





THE BRISTOL CO. 
Waterbury 20, Conn. 


“Syncroverter”’ 
chopper 


Chopper 


Square wave; 
same as Input 





JAMES VIBRAPOWR CO. 
4050 N. Rockwell 
Chicago 18, Ill. 


"1200" Series 
(low frequency) 


Chopper 


0-10 volts 
at 1 milllamp 


Square wave; 
same as Input 





“1200” series 
(high frequency) 


Chopper 


0-10 volts 


at 1 milllamp 


Square wave; 
same as Input 





“1900” serles 
Frequency 
doubler 


Chopper 


Square wave; 


same as Input 





“1800” serles 





LEEDS & NORTHRUP CO. 
4901 Stenton Ave. 
Philadelphia 44, Pa. 


Square wave; 


me anit 
same aS Input 





MILLIVAC INSTRUMENT CORP. 


P. 0. Box 997 
Schenectady, N. Y. 





MINNEAPOLIS-HONEYWELL REG. CO 


Brown Instrument Div. 
Philadelphia 44, Pa. 








OAK MANUFACTURING CO 
1260 WN. Claybourn Ave. 
Chicage 10, Ill. 








SERVOMECHANISMS, INC. 
Mechatro! Div 

625 Main Street 
Westbury, L. 1, W. Y. 








STEVENS-ARNOLD, INC. 
22 Elkins St. 
South Besten 27, Mass. 











WESTON ELECTRICAL INST 
614 Frelinghuysen Ave 
Newark 12, 8. J. 


CORP. 











MAXIMUM 
AMBIENT 
TEMPERAT 


URE 





Standard 
and 


125 deg 




































































ELECTRICAL AND ELECTRONIC COMPONENTS 


J.M. EARLY Solid State Device Development Bell Laboratories 


Operation of the 
intrinsic-barrier transistor 


The familiar transistor structure usually includes three semiconductor layers 


of the negative and positive types. There are limitations in this structure—prin- 


cipally the extent to which the thickness and resistivity of the central or base 


layer can be reduced. An "intrinsic" or neutral layer incorporated between the 





base and collector layers has permitted transistor operation at higher voltages 


and higher frequencies. 


Tu intrinsic barrier or p-n-i-p t 


sistor, first announced in 1954, repre 
presents one o! a Series of develop 
ments designed to increase the fre 
quency range of alloy and grown 
junction triode transistors. Its inven 
tion arose out of a study of the junc 


tion transistor structure undertaken to 
determine if the performance of tl 
existing transistors could be improved 


As frequency of operation rises in 


the common p-n-p transistor, the 
mount of control current required 
by the base increases. Current re 


equirements for the bas depends at 
high frequencies on the transit time 
for charge carriers (holes in the case 


cf this p-n-p transistor) to move from 


the emitter region t the collecto 

gion. If this transit time is reduced 
the required control ¢ ent is also 
reduced thereby Inc ‘ ng the useful 


amplification—the ratio of controlled 
current to control current 

Iwo other factors are 
transistor operation at high frequer 
cies. First, control current en 
a resistance in flowing to the various 
regions of the base Chis 
multiplied by the square of 


trol current, represents control powe 


I 

Second, there is a c¢ ipacitance be 
tween the collector and base. This 
capacitance occurs across the “strong 
field region”, F l ), separating 
the collector and bas t decreases as 
the strong-field region becomes wider 
ind it increases as this region becomes 


narrower. The capacitance must be 
as small as possible Since any voltage 


across the load causes a current to 


114 


flow through the capacitance induc- 
ng an unwanted control current in 
the base. This gives rise to unwanted 
collector and emitter current. The re- 
sult is a collector-to-base capacitance 
that acts as an undesirable feedback 


element within the transistor 


Iwo kinds of motion of charge 


riers (holes and electrons) take 
place in the junction transistor. The 
more obvious of these two kinds of 
2 (a). A hole or 


electron, when placed in an electric 


motion is drift, Fig 


field, will move (drift) because of that 
field: the hole will move in the d 
ection of the field from plus to 
minus and the electron will move 
st the field from minus to plus 

In the transistor, drift (holes in this 

nstance ) 


occurs in the strong-field 


region, where the holes move very 
apidly from the base region to the 
negatively biased 


collector region 


Holes moving through this strong 
field region are not simply uniformly 
iccelerated by the field, but are con 
tinually retarded by 


tl 


collision with 
ie germanium atoms and with other 
holes or 


electrons. Their motion may 


be compared to a stone rolling down 


hill, Fig. 2 (b), following the contour 

[The second type of carrier motion 
s diffusive motion of holes. In the 
junction transistor, holes and electrons 
are continuously in motion because 
of thermal energy. This motion con- 
sists of movement in random paths 
Fig. 3 (a), in all planes 

This diffusive motion gives rise to 
current flow through the base region 


of the junction transistor. A high con- 


centration of holes is created within 
the base at the emitter side by the 
forward potential applied to the emit- 
ter, and the strong-field region be- 
tween the base and collector pulls 
away all holes which wander at ran- 
dom to the edge of that region, Fig 
Diffusive 


slower than flow by drift holes taking 


3 (b) movement is_ far 
about 100 times as long to cross the 
base region as they do to cross the 
strong-field region 

Significant improvement of alloy 
transistors has been achieved by re- 
ducing base thickness, base resistivity, 
and transistor area, but there are de 
finite limits to improvement by these 
methods. Narrowing the base region, 

particle 
resistance of the base and 


Reduc 


decreases the 


to reduce transit time, in- 
creases 
raises required control power! 


ing base resistance 


thickness of the strong field region 
and increases unwanted feedback. The 
rise in feedback is accompanied by 


1 reduction in the voltage between 
collector and base 

The use of thinner base regions 
ind lower base resistivities is limited 
because of the decrease in the width 
of the strong-field region and the as- 


sociated larger capacitance and 
smaller permissible maximum voltage 
An examination of the factors affect- 
ing the width of the strong-field re- 
gion lead to the concept of the in- 
trinsic-barrier First, note 


that a relatively wide strong-field re- 


transistor. 


gion is necessary in the transistor to 
apply high and useful voltages be- 
tween collector and base. The dis- 
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Fig. 1—(a) Junction transistor in a com- 
mon-emitter circuit; strong-field region is 
narrow; (b) relationship of emitter, base, 
and collector currents for circuit. 


tribution of charges in an ordinary p-n 


junction, Fig. 4 (a), indicates that the 
field in the strong-field region builds 


up to 


the boundary is approached from tl 


1 
aiues 


increasingly higher v 
n side 
the field 


region, because of the very hig 


As the p-n boundary is crosse 


decreases abruptly in the 


centration of fixed negative 
very h 
field 


going into 


in this region. In 


quency operation, the 
the 


region, but also increases very rapidly 


decreases abruptly 


through the n region toward the junc 
Thus, there is a strong 
field 


close together ® 


tion 


narrow region wil 


ose 
apacitance 1 

the closely spaced faces acting like 
parallel-plate capacitor 


and maximum 


voltage which can be sustained across 
the field 

In the intrinsic-barriet 
4 (b), 
ated by a wide region of instrinsic ma 
terial—material 


small 
unit, | 
the n and p region are 


narrow region is 


sepa 


which is neither n 


type nor p type and which 


substantially 


contains 

fixed-char ge 
the 

the 


edge of 


no centers 


field in 


interior < 


For this configuration 
from f 
the 


Then the field remains 


creases rapidly 
the n region to 
trinsic region 
at a constant 
intrinsic 
quickly 
capacitance of 
small, the 
field region are 


value throughout the 
decreases 
the p 

this n-i-p 


region and very 


The 


junction is 


within region 


since faces of the strong 


widely separated. In 
addition, the maximum voltage which 
can be maintained across this region 
is high, since high voltages can be im 
pressed across wide distances without 


exceeding the breakdown field 


ELECTRICAL AND ELECTRONIC 


Son 


Fig. 2—{a) In electric field, holes and 
electrons drift in indicated directions, but 
(b), they 


a hill following the surface contour. 


move like a stone rolling down 


Fig. 3—(a) Random motion of holes and 
dif- 
from 


electrons implies no direction for 
but (b), they diffuse 


high to low concentration region. 


fusion, will 


The intrinsic 
listinguishing fea 


The 


ventional p-? 


transistor Similarity 


transisto I 


injected 


ipparent: holes are I 


1] ' 
colecto 


base region toward the 


irrent flows into 


non to determine the 
collector 
region 


ferences 


region 
resistivity 
duced transit tu 


isc esistance 


Dyrartinn af 
“rect 


increasing held 


4—(a) P-n has 


strong-field region; (b) p-i-n 


Fig. junction narrow 
junction has 


constant field through wide intrinsic layer 
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itures 
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from 


Fig. 5—The p-n-i-p in a 
circuit: relatively thick i-layer 


between base and collector 


transistor 


} 
LU 


are 
Feed 


lector 


common-emitter 


introduced 
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ELECTRICAL AND 


From: Literature Survey 


ELECTRONIC COMPONENTS 


Types and uses 
of thermistors 


A THERMISTOR is a resistor whose 
value varies with temperature in a 
predetermined manner. The 
thermistor is a contraction of thermal 
a term descriptive of therm- 
istor characteristics. The principal 
uses and applications of thermistors, 
[<ble I, come from their large change 
in resistance with very small changes 
in temperature 


word 


resistor 


THERMISTOR 
CHARACTERISTICS 
AND CONSTRUCTION 


The resistance of thermistors de- 
creases as their temperature rises and 
increases as it falls. This character- 
istic is directly opposite to that of 
ordinary resistors that normally have 
increased resistance as the temperature 
of the device rises. 

Thermistors are made of various 
mixtures of the oxides of manganese, 
nickel, cobalt, copper, uranium, iron, 
zinc, titanium, and magnesium. These 
semiconducting materials are mixed 
in proper proportion to get the re- 
quired resistance and temperature co- 
efficient for particular applications 

The mixtures are formed into var- 
ious shapes and sintered under ac- 
curately controlled atmospheric and 
temperature conditions. The finished 
product is a hard ceramic material 
that may be mounted in many ways. 

Thermistors have good stability, are 
mechanically rugged and shock re- 
sistant, make permanent 
contacts, have a wide range of resist- 
temperature 
power dissipation. 


electrical 


coefficient, and 
They are small, 
and have unlimited life when oper- 
ated within maximum ratings. 


ance, 


THERMISTOR TYPES 


Thermistors have three forms: 
Beads, disks or washers, and rods. 
Bead thermistors are small spheres of 
thermistor material that can be 


formed on two parallel platinum 


116 


wires. The spacing of the wires, the 
chemical composition of the bead ma- 
terial, and the heat treatment of the 
bead element are the principal factors 
that determine the electrical charac- 
teristics of the bead. 

The beads are mounted in various 
ways for different applications. They 
may be enclosed in very thin glass or 
mounted in gas-filled or vacuum 
bulbs. Some bead types of thermistors 
are indirectly heated. These types 
have a more complicated construc- 
tion. The bead is surrounded by, but 
electrically insulated from, a separate 
heater to which power is applied to 
heat the thermistor. In this manner, 
the temperature of the 


and consequently its resistance can be 


thermistor, 


changed or controlled. Bead thermis- 
tors can be modified to adapt them to 
widespread uses. 

Low resistance, high power ther- 
mistors are made by pressing ther- 
mistor material into thin disks or 
washers of various dimensions. Thin, 
large diameter units have a low re- 
sistance, short time constant, and high 
power dissapation. Thick, small diam- 
eter units have high resistance, long 
time constant, and low power dissipa- 
tion. The disk shape is convenient for 
thermistor units that are to be placed 
in close thermal contact with flat 
metal mounting surfaces. 

Thermistor washers are designed 
for mounting in bolted pile-ups when 
associated with 
washers, 


pressure equalizing 
terminal lugs, insulating 
parts, and if necessary, cooling fins 
Thermistor washers so mounted may 
be connected in any combination of 
series or parallel to get higher or 
lower resistances. 

Individual thermistor washers may 
bolted (with appropriate 
spring washers for contact pressure) 
to pieces of metal or other material 
for which accurate temperature meas- 
urements are wanted. 


also be 





Thermistor washers and disks are 
mostly for temperature measuring and 
controlling elements although they are 
also used extensively as temperature 
compensators and time delay devices 
in many electronic circuits 

Rod thermistors are made as long 
narrow rods of circular cross section 
with contacts connected to the ends 
of the rods. These units have moder- 
ate power dissipation, longtime con- 
stants, and high-resistance values. Be- 
sides being used in most of the same 
ways as disks and washers, rods are 
used where high resistance is a con- 
Thermistor rods are use- 
ful as sensing elements, in electronic 
thermometers, temperature 


sideration 


actuated 
controls, and compensators for tem- 
perature effects in electronic circuits 


THERMISTOR APPLICATION 


The electrical resistance of the 
thermistor is a function of its absolute 
temperature, and consequently all of 
its useful characteristics are based on 
the fact that its resistance will change 
as its 


temperature changes The 


methods of producing temperature 
changes with consequent resistance 
changes in thermistors may be divided 
into three major groups: thermal, 
electrical, and physical. 

Thermal. When a thermistor is used 
in an electrical circuit in such a way 
that power dissipated is insufficient 
to heat the thermistor above its sur- 
rounding temperature, the tempera 
ture of the thermistor will be the 
same as the ambient temperature 

Under these circumstances, the re 
sistance of the thermistor becomes a 
function of the ambient temperature 
and, therefore, can be used to meas- 
ure variations in the ambient tem- 
perature. This characteristic makes 
the thermistor useful for temperature 
measurement, 
and temperature compensation 

By connecting a thermistor to a 


temperature control, 


fairly simple resistance measuring de- 
vice, temperatures may be measured 
easily to a precision of a thousandth 
of a degree (0.001 deg) 


thermistors with 
equipment, temperatures may be con- 


By using 
suitable electronic 
trolled with even greater precision. 
Thermistors may be used to counter- 
act the effects of temperature varia- 
tions in other circuit 
components such as meters or con- 


electrical 


ductors that have positive temperature 
coefficients of resistance. 


(Continued on page 118) 
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Table I—Thermistor Applications and Characteristics 





Application 


Features 


Characteristics 


Thermistor 
type 
recommended 


For 


xXimate range 


the 


appre 





temperature sensing 


a. temperature 
measurement 


temperature 
alarm and 
temperature 
control 


quick response 
small size, simple 
related circuitry, 


remote location 


large resistance 
change with slight 
change in temper 
ture 


resistance of 
thermistor is de 
pendent on ambi- 


ent temperature 


change in resist- 
ance used to acti- 


vate relay 


bead, bead in 
glass probe 
bead in metal 


probe 


bead, bead in 
glass probe 


+400 C 





temperature 
compensation 


compensation in 
transistor circuits, 
compensation for 
materials with posi 


tive coefficients 


exhibits negative 
temperature coe! 


ficient 





amplitude control 


a. oscillator ampli- 


tude stabilization 


gain control 


RMS voltage 


regulation 


volume limiting 


feedback voltage 
Variation to com 
pensate for any in 
put changes, regu- 


lation over varying 


ambients 


close voltage regu 


lation for wide 
range of load re 
sistances and volt 


tage supplies 
constant signal 


level output wit! 
out wave distortion 


sensitive to change 


in output signal 


change in voltage 
causes inverse 
change in thermis 


tor resistance 


~perates on nega 
tive slope part 


I-E curve 


bead, bead 


with heater 


wide range ot 
amplitude and 


frequency 





time delay 


a. time delay 


elimination of 
false operation 
of relays 


surge suppression 


small size, long 
life, ruggedness 


no moving parts 


gh resistance t« 
limit initial 


current flow 


insurance against 
current surge pre 
venting vacul 

tube burnout wt 


being self-regulating 


thermistor resist 


ance change regu 
lates current flow 
resulting in vari- 


able or fixed delay 


response time 


thermist 





measurements 

analyses 

a. liquid level de 
tection 


flow measure 
ment 


wind velocity 


gas analysis’ 


manometry 


remote indication 


small size 


free flow without 
interference, very 
small size 

free flow without 
interference, very 
small size 
instantancous re- 
sponse, will not 
absort 


or react 


with gas 


differential cooling 
of self-heated 
thermistor accord 
ing to conductivity 
of its surroundings 


bead, bead 


with heat 


bead, bead 


with heater 


bead 


10 ppr 


10 to 5000 r 
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Electrical. Thermistors may be 


connected into electrical circuits that 


power dissipated heats the thermistor 
above ambient temperature. To get 
heat 


produced in the thermistor itself may 


this dissipation of power, either 


be used or heat may be produced by 


heater coil closely as- 


with 


a small very 


thermistor. Under 


the 


sociated the 
resistance of 
the 


power being dissipated in the thermis 


these circumstances, 


the thermistor is a function of 


tor or in its electrical heater 
When 


miustor, 


power is applied to a ther- 


there will be some lag be 
the 
and the heating of the thermistor to 
The 


will be a 


the 


tween the application of powe! 


its final temperature length of 


the time lag function of 


the thermal mass of thermisto! 
and its associated heater 


\ bead that 
tremely small thermal mass will 


thermistor has ex 


react 


very rapidly and may give time de 


lays of a small fraction of second 


With 


on the 


larger thermistors, time delays 


order of minutes ire also 


feasible and used 
There 


are many 


thai 


applications for 


thermistors put these resistance 


temperature characteristics to use 


such as constant voltage controls, con 


stant current controls, power level 


and gain controls in amplifiers, surge 


suppression, overload protection, and 


time delay 
Physical. When a thermistor is used 
in a circuit in which 


the thermistor 


is heated above its ambient 
the 


thermistor 


tempera 
the 
function of a 


ture, temperature to which 
iS raised is a 
construction of the thermistor and its 
environmental surroundings 

will 


duce changes in the temperature and 


Changes in environment pro- 
consequently in the resistance of the 
makes 
it possible to measure changes in en 
vironment by the 


thermistor. This characteristic 


means of resistance 
of the thermistor 

For 
trically 


example, a thermistor elec- 
will reach a 
much higher temperature than when 


similarly 


heated in still air 


t is heated in 


moving ait 

Useful applications for thermistors 
that make this 
nclude 


use of characteristic 


e The measurement of gas com- 
position by thermal conductivity. 


e The measurement and control of 


the flow rate of liquids or gases 


e The measurement and control 


of pressure and liquid level 


lis 
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TRANSISTOR SELECTION 


Table Il 


for selecting 


provides a short cut 


transistor resistance to 
compensate for changes in 
ment and circuits containing copper 
the 


maximum 


measure- 


Shunt resistance across transistor 


and percentage of devia 
tion over the given temperature range 
may also be easily computed 
Example Problem; Fig. | 
with a_ shunted 
900-ohm (at 25 
over a temperature 
60 to plus 85 ¢ 
the tem- 
900 


Com- 
pensate, grade 2 
thermistor, a deg 
C) copper coil 
range Of minus 
Using the intersection of 


perature limits, Table II, r 


900 
900 


0.34 306 ohms; r, 
513 ohms; r, 
1125 ohms; % 


dev. from r 


REFERENCES: 

“Types and Uses of Thermistors”; 
Published in the Bu. Ship’s Journal, Oct 
1957, pp. 31-33. 

“Applications”; 
Thermistor Catalog of 
Gulton Industries, Inc. Published March 
1957. 

“A Thermistor Selecting Shortcut” 
by Metallurgical Products Dept., 
Electric Co. Published in 


Jan. 1957, pp 


Published in 
Thermistor Div 


Gilennite 


General 
En- 


. . , 
Control 


gineering 


r,—per unit thermistor, grade 
2, resistance of 25 C, ohms. 
r.>per unit shunt resistance 








at 25 C, ohms. 
fave per unit average circuit 
over 


resistance temperature 


range, ohms 





Table Il 


Network Component Multipliers for Temperature 
Compensation 











+120 


Ippe rT 


Locate the square at the intersection 


ature limits 


Multiply the resistance of the 


Ri, resistance of grade 


times r: 


terial 
Rave 


R. times Te 
average network resistance 


Read percent deviation directly. 





+100 


temperature 


f upper 


compensated 
Thermistor R- 


R., shunt resistance (manganin, cupron, or other low-temperature-coefficient ma 


R- times rave 


limit, C 


abscissa) and rdinate) temper 


Thus 
copper 


copper by the numbers in the square 


resistance f compensated 
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Fig. 1—Common-emitter switching circuit Fig. 2—Both rise and decay times are shown on nomograph scale at far 
and waveforta parameters for transistors. right. Dashed lines show examples described to find switching time. 


From: Electronics 


Switch-time nomograph 


T. A. PRUGH Diamond Ordnance Fuze Laboratories, Wash ngton, D.C 


When common-emitter transistors are used as electronic switches, rise and 
decay times at turn-on and turn-off can be readily determined through use of 


the nomograph. Formula for calculation of storage time is also presented. 


Transistors in the common-emitter rent I./f, just necessary to saturate 

configuration are used in many cir- the transistor. Quantity 1, is the limit 

cuits as switching elements. Switching ing value of collector current V,,/R 

times have been calculated in terms of and £,, is the common-emitter short 

basic transistor parameters and circuit circuit current gain in the direction 

conditions. The results are of the gen- 1, /(1-B,,) 

eral form 7 A (in B), where A is Decay time is ponding switching ti 
a function of the transistor and B ts a Ts={1/[(1—a, the turn 
function of both circuit conditions and where k; = 12/1 I 
transistor parameters 


Ba 


Parameter k, is negative since the 


The circuit and switching wave turn-off base current must be opposit« 


> ft 
forms are shown in Fig. 1. Turn-off to the collector current 
time T,,;, comprises the storage time The nomograph of Fig. 2 provides 


T, and the decay time T,. The turn-on the 
time simplifies to: 


turn-on and decay times. As an 
example assume a transistor and cu 
Ton = 1 1 —a,)w,!} } Inti j 0.9 cuit with f 16 mec > af 
where a,, is the common-base short cir- 100 x 10°. @ 0.99. (l-a.) 0.0 
cult current gain in the normal direc- 8 99 and I 1,000 wa. Als 
tion, », the angular cutoff frequency assume a turn-on base current I,, 0 
of a, and k, the ratio of base current 100 wa and a turn-off base current | 
I,, used to turn on a transistor in a ol 200 microamperes 


particular application to that base cur- Calculating k 9.9 and k, 
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TIMERS...SPECIAL DELIVERY 


St 
Sp 


andard or 
ecial — 


Industrial Timer 
makes 
rapid deliveries 


on 


all models 


Sometimes you need a standard 


moc 


need 


can 


\ 


lel timer ... other times you 
1 a special. Either way we 
give you the extra rapid 


cé you may need because 


f the efficient way we design, 


nufacture and stock time 


Lor 
I 
wer 


f 
ort 


‘ 


1 


YJ 


3 
4 


Fri 


ying need 


industrial applications 


Oo meet all of the widely 
Is of our customers 
nanufacture a complete line 


mers in the four broad clas- 


tions illustrated here 


. TIME DELAY TIMERS 
INTERVAL TIMERS 

. RE-CYCLING TIMERS 

. RUNNING TIME METERS 
nee 


1 
ym these we have already 


veloped 20 basic types which 


in 
un 


ie! 


be combined in endless 
iber of ways . . to date, 
engineers have combined 
n into over 1000 different 


So what might seem to 


a special timer requirement 


you, will very often be a 


ndard timer in our large 


ck, and that is the reason we 


> the ability to fill special 


rs so quickly. And as fal 


standard timers are con- 


ned we can give overnight 


‘rvice if necessary. 


\ 
TOU! 
this 


j 
del 


0, for the utmost in all- 
id service depend on us for 
outstanding combination: 
veries “Immediate on Stan- 


dards .. . First on Specials”. 


Timers that Control 


120 


the Pulse Beat of Industry 


CIRCLE 440 READER SERVICE CARD 











Running Time 
Meters 








Re-Cycling 
Timers — 








Speed up your 
automatic 

control projects — 
profit by our 
timing application 
experience 


No need to let timing problems 
delay you in your automatic 
control projects when you can 
place them with us and get 
faster solutions. Even though 
no two automatic control jobs 
e ever exactly alike, and even 

1 the timer requirements 
different we 

an excellent 


in these 


al Knowledge re 
ve our customers the 

n near-recore 

yn timers enabl 

very often to Tt I] orders for 
these requirements without an) 
time loss because we ha 

] | ! 


ready developed so mal 


combinations specifically 
automatic control functions 

Extra special automatic con- 
trol timer 


eers will go right 
get the job done 
we grow and we like 

Whatever your control prob- 
lem, you have everything to 
gain by t to our 
timer specialists. They'll come 
up with the answer — almost 
with the speed of automatic 
control itself. 


AFFILIATE—LINE ELECTRIC COMPANY 


INDUSTRIAL TIMER CORPORATION 


1415 McCARTER HIGHWAY, NEWARK 4, N. J. 
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connect with 


USE 
for TYPICAL DESIGNS 
AIRCRAFT 
and ELECTRONIC 
INSTRUMENTS 


for VIBRATION 
RESISTANCE 
and MOISTURE- 
PROOF applications 


for GENERAL 
CIRCUITRY and 
QUICK DISCONNECT 
in more rugged 
applications 


for 
UNIT-PLUG-IN 
applications . .. 


for AUDIO 
and LOW LEVEL 
circuits 


for RADIO and 
SUB-MINIATURE 
applications 


for HERMETICALLY 
SEALED 
applications 


for HIGH 
TEMPERATURE 
and firewall 
applications 


Send for AR Con- 
densed Catalog con- 
taining illustrations 
and technical infor 
mafion on all princi 
pal series of con- 
nectors in the exten 
sive Cannon Line 
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27,000 kinds to choose from! 
If we don’t have what you want, 
— we'll make it for you. 


Largest facilities in the world for plug 


research, development and manufacturing 


MS, MS-A, MS-B, MS-4 


MS-E SERIES 
R 


K, RK SERIES 


se es, ( ! 


SPECIAL ACME THREAD. [he 4 


H 


DP, DPB, DPD, DPD2, DPD2R, DPJ, AND DPS SERIES Ra 
chassis. With and without she . i t ' 


semblies and sub-a 


P, XLR, XL, XK, O, UA, BRS SERIES 


D, MC, DPA, DPX, AND K MINIATURES 


GS (MS TYPE), KH, RKH, DAH, BFH, TBFH, DBH, KH30 


nta 


Ir 


MS-K, MS-"“FW 


AND CANNON K 
C)ing t 


STEEL SHELL CONNECTORS 


\ 


CANNON ELEcTR 

nia. Factories in Lo ge 
Melbourne, Austl. Manufact 
and distributors in all 5 


to Dept 


aANNION GWEGERIS  o. 


Since 1915 


CIRCLE 441 READER SERVICE CARD 121 
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4, 


\ 
: ={@) ie Precision Protects YOU! 


Tol -Teotih mu -lela> Me ada -leit-ilelaM@i aged -lalilelssl-)i ie 


ap" : 2 


BORG 900 SERIES MICROPOTS 


Extreme Accuracy « Finer Resolution « Longer Lived 


Advantages? You bet! High precision . . . extreme accuracy .. . finer 
resolution . . . low torque and long life under severe and adverse environ- 


mental conditions are but a few of the advantages found in Borg 900 


2 
Series Micropots. GANGED 
Borg Micropots have long been preferred for many applications including 

missiles, aircraft instrumentation, radar and sonar equipment, communica- 

tions and electronic devices, computors and scientific apparatus. 


; : , ; : 10-TURN 
Borg has a 900 Series Mic ropot to fit your needs .. . readily available in 


production quantities. Borg has geared production to assure you fast 
delivery of any model in any quantity. Let us send you more information 


and the name of your nearest Borg “Tech Rep” 


Write for Complete Engineering Data 
CATALOG 5ED-A90 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 
JANESVILLE, WISCONSIN 
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Bulletin 
GC-114 


Anal 
Mfenetio Mateniale 


The most complete line in 


the industry...made bya 


fully integrated producer 


Arnold magnetic materials can answer all your require 
ments. It is the most complete line in the industry; and 
in addition, Arnold maintains complete control over 
every production step from raw materials to finished 
products. Such a source can bring you advantages in 
long experience and undivided responsibility, and in 


unequalled facilities for quality production and control. 
q q ; 


@ Let us supply your needs 


PERMANENT MAGNET MATERIALS 











HIGH PERMEABILITY MATERIALS 





a 


TYPES “C’’ AND “E’’ CUT CORES 
AND TOROIDS OF SILECTRON 


TAPE WOUND CORES OF 
HIGH PERMEABILITY MATERIALS 


red, Arnold Tape W 


ALNICO MAGNETS Cast and Sinters 


When writing for product literature, please 
specify by Bulletin Number. 





oh: 


BOBBIN CORES SS 
/ 
by winding ultra-thin tape of high-permeability a / 
bobbin cores, possess ideal qualities for us ¢ % ~ 
desirable properties include q : 


assemblies. Their 
relatively low values a 
and the ft 


These cores, fabricated 

magnetic materials on ceramic 
coercive 

ability ¢ st 


lectronic 


computer 
1OODS 
rati 


l 


if 
ctangular hysteresis i 
saturation densities; plus temperature stability 
icrosecor rom negative remanence tO positive satu 
e versa, under conditions of pulse excitatior 
1 Bobbin Cores are available in a wide 
widths and number 


esses. \ 
core. Mag 


Deltamax, 
ndard 


IRON POWDER CORES 


When writing for product literature, please 
specify by Bulletin Number. 





SPECIAL MAGNETIC MATERIALS 
Write for Technical Bulletins 


Cunife is a perma 


isma adic j 


<= 
ele! fers 
‘ 


a e-1s 





mn THE ARNOLD ENGINEERING (CoMPANY 


Aamo” 
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RELIABILITY... 


with every Cambion* component . 
ordered in any nna 


Where there must be no slipups, there will be no slipups bridge Thermionic Corporati 173 Concord Avenue 
— if you rely on Cambion components! They’re uncondi- Cambridge 38, Mass. West Coast stocks maintained by 
tionally guaranteed! E. V. Roberts & Associates, 5068 West Washington Blvd 

Cambion’s quality control assures you that every manu- Los Angeles 16, Calif. In Canada: Cambridge Thermion 
facturing detail must conform to the highest standards of Canada Ltd., Montreal 28, P.Q 
Control is maintained through rigid inspections at each 
stage of production — each finished product is thoroughly TN 9E THERMIONIC CORPORATION 2 


checked. ( 4 N 

Whether your order is for a single component, or in the / 4 WA lE 3 / ( I» ale 
millions you can rely on Cambion! A 

For samples, specifications, and prices, write: Cam- Makers of pathareesnrety electronic components, custom or standard 


CAMBION QUALITY SHIELDED COIL FORMS 
Miniaturized. Highly shock 1 stant. Me 
chanically enclosed, comy, 

or maximum reliability 


CAMBION QUALITY CAPACITORS 
Miniaturized Variable Ceramic C 

that outperform much bigger capa 

I eme righ Stand-Off Capacitors wit 
ceramic dielectric R gged R-F 
capacitors for high qu 


Shock-, vibration hattie: ! 








CAMBION QUALITY DIODE CLIPS 


Seven different types, includin 
spring-loaded units primarily 
fragik pig il leads from .005 
diameter Aleo one 
battery cliy nd 


jacks 








CAMBION QUALITY TERMINAL BOARDS 


ym-made stand d all ts, stand 


phenolic, melamine 


M yisture ind fung 








CAMBION QUALITY ; . CAMBION QUALITY 
PERMA-TOR@ ? : KNOBS AND 

COIL FORMS ‘ PANEL HARDWARE 
Constant - tensioning 4 ~y . Selected m 
devices for tuning : carefully 

cores of standard nd 

CAMBION ceramic coil 

forms. Keeps coils 

tuned as set despite 

shock. vibration 














CAMBION QUALITY INSULATED TERMINALS 


Wide variety of stand-off and feed-through 
models in Teflon* and ceramic. Extremely 
resistant to shock, vibration, moisture and 
temperature. Solder terminals hold even 
after prolonged soldering operations 
*DuPont Registered Trademark 





CAMBION QUALITY PRINTED CIRCUIT 
COIL FORMS 

Phe noli ind ct 

soldered ifter mounti 

forms alone or wound 

to six-terminal models 
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Oh 
* 


VITROHM RING RHEOSTATS 


MIL SPEC RESISTORS 


at =i 


_ 


Lt 


4 tips for design — 


VITROHM® Resistors, stock and made to order 
RESISTANCE VALUES (ohms) 


Made to 
Order 


0.2 tol 
0.3 to 525,000 
0.1 to 115,000 
0.25 to 50,000 
0.86 to 14,100 
0.5 to 86,400 
1 to 5,760 
0.04 to 66 








FORM 
VITROHM: Fixed 200 0218/1 
1 to 150,000 
1 to $5,000 
1 to 50,000 
1 to 1,000 
1 to 10,000 
1 to 4,000 


Not 
Available 


Stock 


250.000 





to 750.000 








Adjustohm 
STRIPOHM 
AXIOHM 
NON-INDUCTIVE 
PLAQOHM 

a. - 
DISCOHM 
RIBFLEX 





20 to 75 


3, 5, 10 





4 





35 to 160 ee 
25 to 150 
24 


Not 
Available 
































tr = 


ma uw 


LIVE BETTER 


z 
z 


Electrically 


“ey mo 


Write for a complete listing 


Electric Co., 89 South Street, Mount Vernon, New York 


Y 


» WARD LEONARD 
Tat ELECTRIC COMPANY 
MOUNT VERNON, NEW YORK 


128 
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VITROHM Ring Rheostats 


25 W, 1 min to 5,000 max ohms 

50 W, 1 min to 10,000 max ohms 
100 W, 1 min to 10,000 max ohms 
150 W, 1 min to 10,000 max ohms 
300 W, 1 min to 2,500 max ohms 


Relays 


Sensitive—2 amp, 125v, a.c. max 
Midget—6 amp, 125v, a.c. max 
Heavy duty midget—15 amp, 125v, a. 
Multi-pole—10 amp 125v, a.c. max 
Heavy duty—25 amp, 125v, a.c. max 


max 


Mil Spec Resistors 


All styles, all sizes, all characteristics and all resistance 
values listed in Military Specification MIL-R-26C. Ask for 
BULLETIN 12 


and specifications on Ward Leonard resistors, relays or rheostats. Ward Leonard 


In ¢ V ird Leon 


anad A 


© 


Ltd Toronto 


~ 

} 
| 
®esistoes COnteois 


BheOstars meiars 


i, 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


Known for over thirty years for transformer custom-design and manufacture. 


The illustrations shown here are only a few of the many types manufactured. 


NWL manufactures 
and designs 
transformers for — 


HEATING 

TESTING 

POWER — 
ELECTRONIC 
ELECTRIC FURNACE 
SPECIAL WELDING 
PHASE CHANGING 
PRECIPITATION 
CONTROLLING 
RESEARCH 
LIGHTING 
INDUSTRIAL . 
MEASURING 
SIGNALING 

HIGH AND LOW 
VOLTAGE 


High Voltage Test up to 50 KV 

Often equipped with circuit breakers 
indicating meter and variable auto 
transformer input to 20 KVA 


Ai Core Reactors 0 1 to SO KVA 


Saturable Core Reactors from 
sizes 1 to 200 KVA 


ESTABLISHED 1920 


NEMA‘ 


*. Pe 
cm 


Filament Transformer, 400 cycles with 


4 secondaries. 10 volts, 100 Amperes 
Each secondary can be mounted in 
paralie! serves or series paralie! 


SAY: NO—TEL—FER 


Product Engineering — Mid-September, 1958 


Current Transformer Phase Angie 
error corrected 2 4 minutes. Accuracy 
2 of 1%. 1 to 10.000 Amperes 


4 


Mult: filament transformer up to 10 
and up to 60 KV insulation 


Rectifying Transformer 1, 2 or 3 Phase 
1 to 3000 Amperes up to 300 KVA 


ti 


Outdoor Potential Ne gn t 
output a 25K 

duty, Vacuum-oil fil roe. wit 
brackets tor pole mounting 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


Wear-Free, Maintenance-Free Products 


by CONTROL 





PROPORTIONING REACTORS 


CONTROL manufactures complete lines of 240-volt and 120-volt 
standard proportioning reactors which are ideal for regulation 
These versatile control devices have a variety of uses—includ 
ing motor and generator control, switchgear, conveyors, trol- 
leys and battery charging 

Each family of eleven units is rated from 60 VA to 2 KVA 
They are extremely sensitive (2.25 ampere-turns will swing 
the smallest unit from full on to off, while only 4.25 ampere 


SWITCHING REACTORS 


CONTROL’S line of standard power switching reactors intro 
duces a new and simple approach to static control. Four models 
operate from standard 120-volt a-c supply and deliver slightly 
below line voltage. The other four models operate from slightly 
ibove standard line voltage and deliver standard line voltage 
without special power supplies and other supplemental equip- 
ment. Basic logic operations can be performed through simple 
xternal connections to multiple control windings. Control in- 
puts to these windings are possible through limit switches or 
from other switching unit outputs 
he four basic ranges of 15VA, 75VA, 150VA and 300VA 


cover the range of solenoid valves, magnetic clutches, motor 


PREAMPLIFIERS 


CONTROL’S standard preamplifier builds a very small signal 


into one which is usable by Proportioning Reactors and 


Switching Reactors. Such signals are derived from photo- 
electric tubes, small tachometer generators, and thickness 
This small unit, 5.25-in. by 4.125-in 


10%, 


by 3.062-in., re 


gauges 


quires only 32 volts RMS supply, 


TRANSDUCTORS 


The CONTROL transductor consists of two Orthonol® cores 
wound in series opposition 


60-cycle single 


It is electrically isolated from the 
current carrying conductor, and gives an output directly pro 
portional to the bus current. In effect, it is a “d-c transformer.” 

It may be used for straight metering or recording to within 
Since it has a usable power output, it is ideal 
for such applications as overload relaying or controlling a 


1°, accuracy 
feedback signal to a magnetic amplifier. It can also be used 


with other transductors in a summation system 


These Control Representatives are at your service: 


CINCINNATI, OHIO 
GREGG & SPOHN 
1416 Bonnell Ave. 


CLEVELAND, OHIO 
MARTIN-RETTGER, INC 
3477 Fairmount Bivd. 


BUFFALO, N. Y. 
ROBERT F. LAMB CO. 
1807 Eimwood Ave. 


CHICAGO, ILL. 
WITHERS & ROPEK 
5439 West Division St. 


COLUMBUS, OHIO 
GREGG & SPOHN 
1738 West 5th Ave. 


DeWITT, N. Y. 
J. F. WULFETANGE, JR. ! 
4505 E. Genesee St. 


INDIANAPOLIS, IND. 
GREGG & SPOHN 
5416 College Ave. 


DETROIT, MICH. _ 
A. R. SATULLO CO. 
4512 N. Woodward Ave. 


a a eT | 
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turns control the largest). All have high gain, and a minimum 
40:1 ratio between maximum and minimum outputs. CONTROL 
proportioning reactors require no maintenance, and under 
normal operation never wear out. 

Dimensionally, the smallest of these units is 5.50-in. by 
4.62-in 10.12-in. They 


are furnished with flanges 


The largest is 9.50-in. by 
All units 


range in 
weight from 8 to 85 lbs 
for mounting 

For Full Details: Write for Catalog R-10 


contactors, and other control loads normally associated with 
control systems 

Since these are power switching devices, additional loads 
and drains for logic intelligence present no loading problem 
loads 


Through easy circuit arrangements, either a-c or d-<« 


may be handled. High inrush currents on a-c loads are handled 
easily at cycling rates up to several operations per second 
CONTROL switching reactors require no maintenance and 
under normal operation never wear out 
Dimensionally, these units range in size from 3.750-in. by 
2.562-in. by to 5.375-in. by 4 
For Full Details: Write for Catalog $-10 


3.500-in 562-in. by 5.875-in 


phase. Its output is 3 volt-amperes and its amplification is 
approximately 75 volts/ampere-turn. The preamplifier’s fig 
ure of merit* is 1500 and it has 5 control windings. CONTRO! 
preamplifiers require no maintenance and under normal oper 
ation never wear out 

*Power Gain 


Write for Full Details 


Response Time (Cycles 


Variations in supply voltage and load resistance will not 
affect the load current For 
a-c metering, an RMS-type meter is suggested for maximum 


No calibrated leads are required 


accuracy; for d-c metering, a bridge rectifier is required, but no 
filtering is necessary. The standard line consists of nine units 
ranging from 200-amperes to 10,000-amperes. The meter re 
duction extends from 50 milliamperes in the smallest to 2 


amperes in the largest. CONTROL transductors require no 
maintenance and under normal operation never wear out 


For Full Details: Write for Catalog T-10 


Reliability begins with 


CONTROL. 


A DIVISION OF MAGNETI< ir 


DEPT. P 59, BUTLER, PA 
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ELECTRICAL AND ELECTRONIC COMPONENTS | 


3 CIRCUITS 


THE WEW LOOK in AMP-lok 


Now . .. connect 3, 6, 9 or 12 circuits simultaneously with the AMP-lok multiple 
connector and a simple push of the fingers. 


All units are self-anchoring and require no supplementary mounting parts 
in through panel multiple connector applications. 


AMP-lok can be used as.a Safe, free-hanging multiple connector also. 


ad 


AMP-lok obsoletes all it replaces because 
of the following design features 


+ contacts are identical . . . self cleaning . . . recessed 
for safety 
e finger grip engagement and disengagement 
an polarized to eliminate circuit error 


e wide panel thickness accommodation—one simple 
moynting hole required 


© color coding available 


Additional literature and samples available on request. 


ANIP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through wholly-owned subsidiaries in: Canada e England e France e Holland e Japan 
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ELECTRICAL and 
ELECTRONIC 


5 


An ever-increasing number of insulations for an ever-increas- 
ing number of electrical and electronic products puts growing 
emphasis on specialized wires engineered for the job. Your 
engineered product merits Belden wire engineering service 











Beldol @ Celenamel @ Nyiclad @ Beldenamel @ Formvar ® 
Alkanvar @ Formbond @ Squares & Rectangulars. 





: Lead Wire—rubber, plastic, silicone, asbestos. Rated at these 
AD ° temperatures: 75 C, 80 C, 90 C, 105 C, 180 C, 200 C @ Bat 
tery Charger and Test Lead Cable @ Coil Lead Wire @ Hermetic 
Lead Wire @ Mercury Switch Lead Wire. 








Primary Wire @ High Temperature Hook-up Wires @ Battery 
Cable @ High Tension Wire. - 





Complete cords and cord sets with a wide variety of insula 





VRE tions—for electrical and electronic devices of all types and 
VRE v VRU applications. 
0 SLD CORD m Extension Cords @ Replacement Cords @ Heater Cords @ Range 





Cords @ Dryer Cords. 





Microphone Cables @ Multiple Conductor Cables @ Intercom- 
municating Public Address and Sound System Cables @ Broad 

_ ‘ cast Aucio Cables @ Studio Camera Cables @ Transmission Line 
Cables @ Antenna Rotor Cables @ R.G.U. Transmission Line 
Cables @ Hook-up and High Temperature Lead Wires @ Anten 
na Wires. 





. an Arc Welding Cable @ Weider Power Supply Cable @ Welder 
Supply Cord. 





Primary Wires @ Battery Cables & Spark Plug Wires @ Trailer 














VM Lead Wires @ Starter Cables @ Terminals for Spark Plug and 
Primary Wires, and Battery Cables. 
IF IT’S WORTH ENGINEERS’ TIME... 
IT’S WORTH ENGINEERED WIRE 
Belden Manufacturing Company 
Chicago 
- WIREMAKER FOR INDUSTRY iinamial 
SINCE 1902 
CHICAGO 
132 CIRCLE 450 READER SERVICE CARD CIRCLE 451 READER SERVICE CARD> 
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> w Resistance Alloys 
¥\ sleet 







WBD vacuum-melted metals are providing 
the answer to increasing demands for 
entirely new alloys. New applications in 
missiles, rocketry, nucleonics and aircraft 
call for the creation of new alloys ...new 
metals, new highs in degree of purity, alloys 
‘ee Glass Sealing subjected to the selective removal of certain 
Alloys materials. 
eine WDB research and production facilities are 
available to help industry work out special 
problems requiring these custom 
alloys. This integrated service 
provides complete development 
Fale Masl-lalehe-led0lalal-Mel-e)-le dual 6) 


eee Filament and 
ye Grid Alloys 


, and features one of the nation's 
Dee : largest vacuum-melting installations. 
B PROCHROME tho? 1 5 : Over 40 years experience in melting 
: ks Vacuum Tube = ; " d and manufacturing precision alloys 


is at your service. Consult our 
Sales Engineering Department for 
information on custom alloy service. 


Py Materials 


Special Spring 
Alloys 


WILBUR B. DRIVER CO. 


Corrosion Resisting Main Office: NEWARK, NEW JERSEY —Tel. HUmboldt 2-5550 


Alloys 
et 1875 MeCarter Hwy., Newark 4, N. J. 2734 Industrial Way, Santa Maria, Cal. 
BOSTON CLEVELAND* LOS ANGELES* PHILADELPHIA® 
CHICAGO* LOUISVILLE* MINNEAPOLIS * Denotes Warehouse 


IN CANADA: CANADIAN WILBUR B. DRIVER CO., [TD., TORONTO* 
SUBSIDIARY: WESTERN GOLD AND PLATINUM CO., 225 Harbor Bivd., Belmont, Cal. 


Manufacturers of Gold, Silver, Platinum and Alloys in Wire, Sheet, Ribbon, Powder and Preforms; Precious 
Metal Brazing Alloys, Precious Metal Compounds; High Alumina Ceramics and Wesgo VX Super Refractory 











~~ \ HERES WHV 








ee ELECTRICAL AND ELECTRONIC COMPONENTS 


tr. © + 
PP aes 
ay 


J ied 


SANDERS WIRING 


New flexible printed wiring sharply 
reduces weight, bulk and cost of electronic 
and electrical assemblies. 


Sanders Flexprint Wiring brings to commercial and mil- 
itary applications a combination of field-tested advan- 
tages unmatched by conventional wiring and ordinary 
printed circuits. 


@ Completely flexible . . . exactly reproducible 

@ Available in all lengths and current carrying capacities 

@ Permanently-bonded in insulating plastics to meet environmental 
and reliability requirements 

@ Weighs less than half as much as conventional wiring . . .occupies less 
than one third the space 

@ Can be easily cut, stripped, and connected. 


@ Available in vinyls, polyethylenes, polyesters, silicones, Kel-F, Teflon, 
or other insulations 







Samples and literature 
available on request. 

Write, outlining 
your requirements. 


REAR, 
VELOPMENTs 
WILL EXPEDITE your 


NEW-DESIGN PROGRESS 
SANDERS 


ELECTRO-HYDRAULIC 
CONTROL SYSTEMS 


Now, from one source, a complete line of servo 
valves ...plus qualified systems engineering. . . 
for all industrial, marine and aircraft applications. 





Sanders manufactures and applies all major components of 
control systems: servo valves for positioning; rate gryos and 
accelerometers for sensing; electronic components for 
amplifying and decision-making. This practical experience 
in hydraulics, electro-mechanics and electronics can expedite 
development of new automatic control systems for ma- 
chine tools, structural testing; materials handling and 
construction equipment as well as military applications. 


For complete details, write: 





ae SANDEAS ASSOCIATES, int. 
: NASHUA, NEW HAMPSHIRE * Dayton, Ohio« Inglewood, California ‘Washington, D. C 
ee Ps pe Ope ne od & oe eed i 
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Catalogs 
an 
Bulletins 





To obtain copies of literature 
described below, circle corre 
sponding number on reader 
sert ice card. 


(U-1) Cartridge and Ceramic Heating 
Units—Catalog, 12 pp. Gives wattage 
calculation data, basic values for heat 
equations, construction, operation, 
dimensions. Hotwatt, Inc 6 Gould 
St., Danvers, Mass 


(U-2) Standard Switching Reactors 
Catalog S-10, 16 pp. Describes two 
types of units, with construction, oper 
ational and performance data. Con- 
tains tables of electrical characteristics 
and several typical application circuits, 
as well as the units, applications and 
physical dimensions. Control, Div 
Magetics, Inc., Butler, Pent 


(U-3) Relays and Stepping Switches 

Catalog 4071-J, 100 pp. New 
edition contains selection and ordering 
information on relays, rotary stepping 
switches and other electrical control 
components. Characteristics of ac 
relays, contact life and load, and oper 


ate and release timing of dc relays 


are among engineering data. De 


scribes new developments, such as 
the Class E relay and silicon cal 
bide spark-suppression Varistors 


\utomatic Electric Sales Corp 
Northlake, Ill 


(U-4) Self-generating Photoelectric 
Cells—Bulletin 3216-1, 12 pp. Con 
struction, performance characteristics 
power output charts, electrical ci 
cuit diagrams for typical applications 
and suggested uses for line of self 
generating photoelectric cells in- 
cluded. Vickers, Inc., Electric Prod 
ucts Div., 1815 Locust St., St. Louis 3 


(U-5) Printed Circuits Tech-Lit 
Vol. 1, No. 5, 6 pp. Includes a 2 pp 
article on Working and Printed Cir 
cuits. Westinghouse Electric Corp 
Metuchen, N. J 
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HERE'S WHY 
50 MANY 
ENGINEERS 
SPECIFY 


a 
- 


a revit termin 
ENGINEERING DATA/MH RELAY 


per s x 


Insulation: Laminated phenc CONTACTS 
VERSATILITY ; Insulation Resistance Jmeg Arrangements 
and ada} ts ibi li tv ohms minimum . 


are prime reasons why designers have made 
the MH a Pé B best seller. This relay series, 
for example, does yeoman duty in such diverse 
applicetions as jet aircraft, street lighting 
equipment, computers and missile ground 
controls 

When multiple switching is required when 
size, weight, long life and reliability are critical 

our MH relay can usually fill the bill. It’s 
RIGHT for countless jobs, often at countable 
savings 


Let us send you complete information about 


this miniature telephone-type relay and the 


variations we've evolved for special applica- 
tions. Write or call today 


\ iy 


MC FOR RF SWITCHING MA LATCHING 
For RF switching where intercontact Electrical latch; mechonical reset. Small, 
copacitance losses must be minimized versatile and offered with selection of 
contact arrangements. 


Ceromic contact spocers 


cn 


Breakdown Voltage 


RMS between all element 


Shock: Up to 30 
Vibration: Up to 

500 cps . 

sions from 10 to 55 
Ambient Tompereture 

to + eS * 

+12 


Pull-in: Approx 
voltage 

Pull-in Speed: Approx 

Drop-Out Speed: Appr 

Terminals: Pierced s 
special lugs for printe 
taper tab (AMP #78 


MB CONTACTOR 


Contacts rated 6 one 28 volts D 
non-inductive. Will carry 150 amp. surge 
for a duration of C 03 seconds 


Material 
d 


Load 


COILS 
Resistance 


Power 


ble 


spe 
Duty 

mitte 
Voltages 


Current: 2 


STANDARD RELAYS AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 


MH SEAL-TEMP 


tures sealed coil to minimize contoct 


ntamination. Available as hermetically 
sealed relay only 


Gj?) POTTER & BRUMEPIELD INGE 


PRINCETON, INDIANA ¢ SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 








Floatless, Electrode Type, Liquid Level Controls 


PRINCIPLE OF OPERATION—The operation of controlling liquid levels 
by means of electrodes is simple, accurate and positive. A combination of 
a matched relay and transformer, integrally mounted on a common baseplate 
and connected to one or more electrodes positioned to contact the liquid 
surface at predetermined levels, actuates the opening and closing of elec- 
trical contacts on the relay. The contacts may be used to switch a motor, 
motor starter, contactor, motorized valve, solenoid valve, alarm bell, 
pilot light or any other device. 


SALIENT FEATURES—There are no moving parts in the liquid. Installation 
is easy, requiring no adjustment aside from cutting the electrodes to their 
proper lengths. Operation is unaffected by acids, alkalis or caustics and is 
independent of temperature and pressure. The control can be located remote 
from the liquid container. Levels can be maintained within 1/16 inch. All 
terminals are located on a single panel on top of the relay for accessibility. 
All contacts and moving parts are situated below the main panel for maxi- 
mum protection. Spacing and insulation are adequate for 600 volts. The 
baseplate is provided with keyhole for mounting screws. Equipment is listed 


2 Pole Level Contre! by Underwriters Laboratories. 


TYPICAL APPLICATIONS 
Pump Controls ELECTRICAL RATINGS—Controls are available with coils suitable for any 


High and Low Level Cutofis combination of supply line voltage and frequency. Contacts are U/L rated 
High and Low Level Alarms at 1 HP for 115 or 230 volts, 10 amperes 115 volts or 5 amperes 230 volts 
Multi-level Signals inductive load, and 690 volt-amperes 230 volts or 125 volt-amperes 460 
Volumetric Metering volts for pilot duty. All controls are of the double break, bridge type and 
Boiler Feedwater and Cutoff have wiping action on closure. 

Sewage Ejector Controls 

Carbonator Pump Controls Write for 32 Page Catalog 

Submersible Pump Cutoff 

Evaporator Cutof CHARLES F. WARRICK COMPANY 
Process Industries Controls 

Special Panels and Controls 1961 W. Eleven Mile Road Berkley, Michigan 
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Design ‘Electronic Controls for RELIABILITY IN SERVICE 
with Alden Components for PLUG-IN UNIT CONSTRUCTION Special and Standard 


REQUEST FREE 250-PAGE “ALDEN HANDBOOK” | CONTROLS 


’ Accurate, Dependable, Long Life 
Nearly a half century of experience 
in specialized design and production 


= 
- r . YOUR . isi 
[Ss cee +B oo, 7 leet — i ——« 
DHE } +0 + S = " CIRCUITS 
Ne | i PACKAG 





Unitize your circuitry in compact vertical planes 
L using Alden Terminal Card Mounting —s 


JUMPER STRIP RELAYS 


PREPUNCHED TER= MINIATURE liminates CARD MTG 


TERMINALS fc - , CKET \ HIGH VOLTAGE—COAXIAL 
MINAL MTG. CAR cae cae 
You can use Alden Te ng Card with Alden Miniature Terminals, Jumper Ser COMMUNICATIONS 
anne waked 10, ms a : Sanna: Lint -™ COMPUTER, power circuit 
. , MINIATURE 
T t this vertical circuitry, ALDEN PLUG-IN PACKAGES AND 
2. < it ASSIS dive tremendous variety with standard components 4 SIZES: é et 


B vilcin 4 yin ant i, ers PULSE—-POWER—TIME DELAY 
& 20-Pl ? : oe . 
\c mg -**@ a a } SOLENOIDS 
ve 


Pn) lO BART bP cpg ty MR MINIATURE, AC-DC 
' PLUNGERS FOR PUSH OR PULL 
3 Give chassis easily traceable interconnects and 30-second 300 CUSTOM TYPES FROM 
* replacement with ALDEN SERVE-A-UNIT KIT 20 STANDARD PARTS 


IT'S AS SIMPLE AS THIS Arrange Alden Side Rails SEER SE 8) Creaste dans ghage be. taste onl atoen DOUBLE ACTING 
personnel can seces s emen SWITCHES 

a - -— IMPULSE—MOMENTARY 
oF elec — - = PUSH PULL 
— aR, ~=\ _ROTARY SELECTOR—TOGGLE 

a ee eee OUR ENGINEERS CAN HELP 
> ; SOLVE YOUR PROBLEMS 
ALDEN BACK | e central check poiae | ‘ Take advantage of POLLAK engineer 
CONNECTORS " - ing design service. Our factory-trained 


' ; ineer ilabl you 
Assign to each unit ALDEN SENSING ELEMENTS — to spot trouble instantly: ins ated. _ e me 


MINIATURE MINIATURE MINIATURE electrical control problems , = 
TEST JACK - ae INDICATING a INDICATING ae cee eae ns 
itt I, ## "CS JOSEPH POLLAK CORPORATION 
M0 wv —~ 
— ents for Unitized Plug-in Unit aammentomecs: 


; 

















EPT 
75-95 Freeport Street, "Boston 22, Mass. 


ve) Htoen Paooucts Lo. 
NG) ot, 
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SILVER GRAPHALLOY BRUSHES and 
BRUSH & SLIP-RING ASSEMBLIES... 


GRAPHALLOY BRUSHES 


are used on such equipment as... SERVO SYSTEMS * SYNCHROS 
* CHOPPERS * RADAR + GYROS * INVERTERS * THERMOCOUPLE 
and STRAIN GAGE CIRCUITS + GUIDED MISSILES + PULSE 
SYSTEMS * DIGITAL COMPUTERS + WAVE GUIDES + SONAR 
* TRANSDUCERS + TORQUE INDICATORS 


BRUSH HOLDER 
and CAP 


Tapered Insulating Bushing Brass Body 


INSULATED 
CAP tt hed ee "BRUSH HOLDER 


overall @ 
BROACHED 


SLIP-RING WIDTH 
WOLE 


BRUSH HOLDER 
& CAP NO 
SUGGESTED MIN 
** MOUNTING 
HOLE DIAMETER 
BRUSH HOLDER 


BRUSH SIZE 


A 


| = 


sq 52 437" 7 418" 281" 
42" sq. 3 Ya2 ‘ 437" 4" 3 418 281 
sq y , 484” 7/4" 3 451" 3 
sq ; ‘ 616" is” 4 573” 438 
tShunts are provided. **Mounting hole diameter for brush holder dimension D 
n Brush Inquiry Sheet 
the pro 


CONNECTORS 


These silver-plated coil spring Con- 


ASSEMBLIES 


(garter 
springs) 


nectors make for positive electrical 
connection to the brass body of the 
brush holder by snapping into the 
groove on the holder. The connect- 
ing lead can be pre-soldered to the 


onnector 
GRAPHALLOY, because of its inher- 


ent, non-welding an 


GARTER SPRING BRUSH BRUSH 
CONNECTORS Size HOLDER NO 


d arc-quenching 
f 


characteristics, is used widely for 


contacts 


127-9 sq 14326 
tive breaking of a circuit is required 127-9 " $4 11509 
127-10 sq 11570 
127-14 " $q 11527 


especially where posi- 


BUSHINGS 
Oil-free 


CLUTCH FACINGS 
and CLUTCH GEAR 
ASSEMBLIES 


Replace oil-lubricated bushings in 
synchros, instruments, timers and 


missiles 


Advantages: 1) Lower friction at 
room temperatures. 2) No oil to 
solidify at low temperatures. 3) No 
oil to carbonize at prolonged ele- 
vated temperatures 

Ask for Data Sheets 270 and 277 
on Miniature Bronze-GRAPHALLOY 
Bushings 


Torque remains same within close 
operating limits despite changes in 
temperature and humidity. For in- 
strumentation, guided missiles, con- 
stant friction devices 


Silver GRAPHALLOY Brushes have been widely used because 
of LOW and CONSTANT CONTACT DROP, EXTREMELY LOW ELEC 

TRICAL NOISE and LONG LIFE. Over 200 grades are now serving 
in a wide variety of applications. Silver GRAPHALLOY Brushes 
on 42"-diameter coin silver slip rings have operated successfully 
in highly critical electrical circuits at speeds up to 100,000 R.P.M 
Our Engineering Department will assist in determining the exact 
grade of GRAPHALLOY for your needs. Ask for our Brush Inquiry 
Form 109 


SLIP RINGS 
Solid Coin Silver 
Standard Coin Silver Slip Rings 


both cylindrical and flat t 


No. 168 Series 
to 20" 0.0 
types 
illustrated at right. We recommend 
the cylindrical type rings with three 
brushes per ring No. 116 Series 
The cylindrical type i t 
for press fitting ov te 36" 0.0 
shafting. The flat type rings are on 
signed for nesting eithe 
lated plate or for m 
insulation. Insulate 
either type or 


can be furnished with | 


Model 319 
CYLINDRICAL 
SLIP-RING 
assembly 


Model 399 BRUSH and 
SLIP-RING assembly 


Pedestal 


Mounted Ad ——— 

, — 
co 

Solid Coin ©) 4. 


Silver Rings 


LENGTM bolt siot distonces 
Ci te CL 


Width LENGTH 


**OVERALL 
LENGTH 


399-4 4 
399-6 6 
399-10 10 2 
399-14 14 4'/, 


**Te outer end of coupling 


2. 


Model 409 
FLAT SLIP-RING 
assembly 


Solid Coin Silver Rings 


OVERALL 
MODEL oD A 


409-2 2 

409-4 4 

409-6 6 

409-10 10 

Hub O.D. 2”; L.D. 1.573 
Length 14%". To $< 


LEms; & 


GRAPHITE METALLIZING CORPORATION : vonucrs new vor 
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ELECTRICAL AND 


PRECISION 


ENGINEERED 
Sub-Miniature 
Pilot Lights 


... facilitate the solution of 
miniaturization problems. 


He 951 
4630-3 | 
a 2 Dialco units with 
> j. of bushiné: 
save — 


oO n ‘ 
fraction cou 


Here are 


Example ce in o- 


but 4 tiny — 
amen 

A refineme™” 

and weight whe 


0. your next miniaturization project, 
consult DIALCO for the Pilot Lights. 
You will quickly find the proper unit 
for use with either tiny Incandescent 
bulbs (T-134); or with sub-miniature 
Neon bulbs (NE-2D). 

TWO-TERMINAL units are fully insulated. 
SINGLE-TERMINAL units are for use on 
grounded circuits. Also DIMMING or NON- 
DIMMING sub-miniatures for every 
requirement. Meet 

all applicable Mili- 

tary Specifications 

Samples for design 

purposes on request 

at once —no charge. 


(actual size) 


101-3830-951 


t Lights 


No. 134-3830-375-9 No 
Foremost Manutacturer of Pil 


DIALIGHT 


en 2 208 2 Benen, | 


STEWART AVE BROOKLYN 


nth 


Stewart Ave., Brooklyn 37 


n Sub-Min. Pilot Light 


ther Dialco Pilot Lights 
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| Catalogs and Bulletins 


ELECTRONIC COMPONENTS 


continued 
(U-6) Synchros and Rotary Compo- 
nents—Catalog, 20 pp 


synchros resolvers 


Describes 


computing linear 


transformers servo motors and motor 


generators. Tables give electrical and 


mechanical characteristics for range 


of synchros and linear transformer 


Also 


special 


contains brief descriptions of 
Clifton 
9014 


Darby, 


rotary components 


Precision Products Co. Inc., 


W Chester Pike, 


Penna 


Upper 


(U-7) Snap-acting Switches—C atalog 
28 pp 


units in various styles 


0158 Gives information on 


Pictorial index 
tells where to find dimensional draw 
ings, descriptions, force and move 
ment spec tables and electrical ratings 
Data on bases and terminals, actuator 
types circuit nd 


NEMA 


c luded 


arrangements 
sensitive-switch 

Switch 
Ives Rd . 


terms are in 
Div W. I 
Wallingford 


Unimax 
Maxson Corp., 
Conn 


(U-8) 
Data 


acteristics, 


Pushbutton Switches 
| 33 Ss pp 


ratings 


Lighted 


sheet Gives char 


electrical general 
>2 


description of 23 listings. Dimensional 
drawings of each switch are included 
Micro Switch, Freeport, III 


(U-9) 


sheet 


Dat 


Desc ribes 


Ac Voltage Regulator 
APRIOIO. 2? pp 
operation of tubeless regulator Gives 
electrical and physical characteristics 

Sorensen & Co., Richard 
S. Norwalk 


of unit Inc 


Ave Conn 


(U-10) Carbon and Graphite Brushes 
Bulletin, 12 pp. Describes and illus 


trates line of brushes for all types of 


rotating electrical machinery. Dis 


de 


table 


mater ials 
One 
by 


cusses selection, brush 


sign and brushes 


split 


summarizes brush grades 


group 
grade designation and key character 
Div., 


Penna 


Carbon 
Marys, 


Speer 
Co St 


IStICS 


Speer Car 
bon 


(U-11) Pilot Lights 
L-161 
formation 


Digest 
16 pp. ¢ ondensed technical in 
light 


lamp types 


form 


on pilot assemblies 


and appropriate housed 


therein. Units are illustrated life-size 


and described with data such as lamp 


and required voltage, mounting infor 
mation, insulation, type of lens hold 
ers, lenses and colors, terminal tv; 

and 
Dialight 


Brooklyn 


finishes. In some groups, charts 


circuit diagrams are 
Corp., 60 Stewart 


1, ™ 3 


given. 


Ave 


Gibsiloy UW-8 copper-tungsten 
contact assemblies used in 
General Electric Size 1 oil-im- 
mersed starter. 


a. 


CONTACTOR LIFE 
DOUBLED 


by changing to 


Gibsiloy 


copper-tungsten contacts 


General Electric Size 
1 oil-immersed con- 
tactor used in Size 1 
oll-immersed 
starter. 


General Electric 

tests showed 

that fine silver 
contacts used sat- 

isfactorily in G. E. air contactors 
were subject to excessive wear 
when applied to oil-immersed 
starters. To overcome this 
trouble, General Electric tested 
copper-tungsten Gibsiloy UW-8 
in their Size 1 oil-immersed 
starter and found it provided 
more dependable service, longer 
life and less maintenance. 

In fact, the efficiency of Gib- 
siloy UW-8 contacts doubled 
the life of the contactor. 

Gibsiloy UW-8 withstood the 
severe and confined arcing in the 
starter Operation, with very little 
erosion, 

Similar advantages of Gibsiloy 
UW-8 can be enjoyed in tap 
changers, other starters and oil- 
immersed apparatus. Write for 
information, and let us help solve 
your electrical contact problems. 
The same experience in design- 
ing and producing electrical 
contacts W hich provided Gib- 
siloy UW-8 for the G. E. starter 
is available to you. 

Gibson Catalog C-520 is yours 
free. Write for it. 


CONTACT GIBSON FIRST 


vray 
ibsilo 


ELECTRICAL CONTACTS 





GiBSON ELECTRIC ae 


Box 548 


Delmont, 
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ELECTRICAL AND ELECTRONIC COMPONENTS EE? 


Compression 
Seals 


PROBLEMS? 


GLASS -TO - METAL 
. 


SEALS 


Cushioned Glass Construction 
High Dielectric Strength 
Design Standardization 
Vacuum Tight Sealing 
Vibration Resistant 

Super Durability 

Maximum Rigidity 
Miniaturization 





=| i loa g  ile7.\ Ee E| 
INDUSTRIES L— 
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ee ELECTRICAL AND ELECTRONIC COMPONENTS 


REMOTE BULB, INDICATING 
TEMPERATURE CONTROL 


Featuring 

Control Point 
Accuracy Equivalent 
to Individually 


Calibrated Instruments 
The UNITED ELECTRIC Type E32N Temperature 


Control is a uniquely designed instrument that is 
used to control and indicate temperatures of gases, 
liquids or hot plates over wide ranges. This unit 
contains a 12-inch scale for easily read visual indica- 
tions. It is possible to replace the thermal unit in the 
field without any loss of calibration accuracy. 





Temperature Ranges 





Switch Ratings 





Switch Types 





On-Off Differential 





Adjustment 





Calibration 





Compensation 








UNITED ELECTRIC manufactures a complete line of 
temperature, pressure, and vacuum controls. For 
applications requiring custom-built units or modified 
standard units, call upon a UE application engineer 
for recommendations. Complete data is available 
for the Type E32N as well as 
for all standard UE controls. 


eb United Electne Controls 


COMPANY 


HOOL STREET WATERTOWN MASS 


CIRCLE 461 READER SERVICE CARD 


eater er 
ae PRAY ie ih 











WIRE TERMINALS 


loose .. . or continuous strip 





Quick delivery from thousands of types in stock 
. . or produced to your specifications 


Either way, P-M is your best buy in quality 
electric wire terminals. Our experienced staff 
of engineers is backed by modern expanded 
factory facilities. The result is a top team in 
the terminal league. 


WRITE FOR CATALOG 





PATTON-MacGUYER COMPANY 
21 Virginia Ave., Providence 5, R. | 
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SPECIALISTS IN— 


HEATING ELEMENTS 


Any Size—Any Shape 
Light Weight, Tough, 
Flexible. Operate under | 
High Pneumatic Pres- 
sure. Resist corrosion 
Immersibli Insulated 


Rubber 
Neoprene Meet USAF 


with Silicone 


Spe cs 


Write or call 


Wideenccinc Minne 


Electro-Flex Heat, Inc. o 


83 WOODBINE ST., HARTFORD 3, CONN. (CHapel 7 
Send for your catalog of 
standard heating el ments, today! 


FIRST with STANDARD ELEMEN TS 
CIRCLE 463 READER SERVICE CARD 
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If you can use custom quality 


at commercial prices 


-then check on HUDSON... 


4-stage 
service 


HUDSON precision quality metal components 

are produced by cost-reducing mass 

production methods. The HUDSON 

production department is equipped 

with batteries of standard and special 

presses ranging up to 300 tons. ' so mame : m . 

. - , RECISION DRA INSTRUMENT CA 
HUDSON performs a wide range of ere CASES 
operations to meet your needs. 

P : 2 Standardized cases include over 
1400 different sizes, with both 
inside and outside covers, in six 
standard metals. Hudson offers 
the engineer a range of closures 
Mil | TA CLOSURES Cp A f My unequalled in the industry 
Cases 
and covers now offered by 
HUDSON from types AF to OA 
inclusive. Immediate shipment 
from large stock supplies. Cover 
assemblies to MIL-T speci 
fications also available 


SPECIAL FACILITIES FOR TRANSISTOR CLOSURES 


COMPLETE SERVICE ON MU METAL FABRICATION 
HUDSON 
is now able to supply MU Metal 
closures in all standard sizes , . , 
and shapes. Stock supply HUDSON service is 
assures prompt delivery complet includes sheet 
nsult HUDSON on all yc 
electr no bee ent metal fabrication, spot welding 
ctri y requ nts 
heliare welding and silver sold 
ing HUDSON designers and pro 


y » @. duction engineers will be happy to 
\ help work out your problems 
YAY 7 


HUDSON 


TOOL & DIE CO*+ INC 


18-38 Malvern Street, Newark 5, New Jersey 
Telephone —MArket 3-7584 Teletype—NK 1066 


[iy ) 
Expert Fabrication in Steel, Stainless Steel, Aluminum, Brass, Copper and MU Metal ( { f 


Precision Metal Components for Electronics, Nucleonics, Avionics and Rocketry 





ELECTRICAL AND ELECTRONIC COMPONENTS 


Catalogs and Bulletins contin: ed 


Gully says: “Get acquainted 
with the wire that has the 


U-12) Magnets, Magnetizers, De- 
magnetizers—Catalog PR-19, 12 pp 
- Lists over 100 cast Alnico V_ and 
en Taliiciacie sintered Alnico II magnets available 

G for immediate shipment in experimen 
tal quantities. Also, demagnetizers and 


= y 99 
pe e-1eler-' , y = line of electro and permanent mag 


netizers are offered. With descriptions 


& 


| dimensional drawings and diagrams 
Indiana Steel Products Co., Valparai 
Ind 


(U-13) Subminiature Teflon Termi- 


nals—Catalog 2759, 8 pp. Dimensio 





=. 


and performance data on over 


types terminals. Electrical 


—- «ere 


are given in condensed form 
Inc, Div. Tri-Point Plastics 
i 3 Willets Rd Albe 
York 


“9 
“On oD ev 


f.0ste Ore 
= ~ 
= 
co 
> 


(U-14) Relays, Solenoids, Switch As- 
semblies—Catalog 58, 36 pp. De 
scribes each relay, giving coil and con 
tact specifications, contract combina 
tions, construction and mounting styles 
of each. With photos and dimensional 
drawings. Also includes performance 
curves for solenoids. Comar Electric 


3349 Addison St Chicago 18 


(U-15) Subminiature Switches 
tin, 4 pp. Covers standard 


variety of actuators. Photos, 


drawings, descriptions operat 
WIRES and CABLES acteristics and electrical r: 
given. Unimax Switch Div 
Though most wires look alike, And every type of Chester con- Maxson Corp., Ives Road 
there is a difference. At Ches- ductor is especially engineered ford, Conn 
ter, we think of this as wire for its recommended applica- 
personality. Chester wires and tion. The next time you need 
cables reflect their background an insulated conductor, inspect : ; 

ultra-modern production a Chester sample first! Our trical Alloys—Booklet, 64 pp 

facilities, selected raw mate- engineers will be happy to physical constants, mechanical 
rials, exacting manufacturing show you how the wires with erties, working instructions, heat 
methods supervised by engi- the engineered personality . 
neers who are wire and cable can help solve your wiring 
spec ialists. problems ! 


(U-16) Electronic, Magnetic and Elec- 


ment and corrosion resistance 
cialized data is presented on magnetic 


properties of high-permeability alloys 


" magnetic-core irons and nonmagnetic 
fa CABLE ; 
/ Poael. 1. tainless steel; temperature-perme 
( . ' bility curves of temperature-compen 
A Subsidiary of Miami Copper Company t 


\ sator alloys; temperature-expansion 
; CHESTER, NEW YORK, U.S.A. 





curves of low-expansion and gla 


Pioneer Producers sealing alloys and electrical resistan 
of Plastic Insulated f an 


ol electrical-resistance allo\ 
Wires and Cables since 1940 


glossary of terms is included. 
CHESTER CABLE CORP., CHESTER, N. Y. penter Steel Co., 317 W. Bern St 


— Yo 
Hove a sales engineer call Reading, Penna 





Send data and sample on the following wires Send for 
Wire Samples (U-17) Retractile Electric Cord 
Fe talem OF he me lal-1 36-5 1 ¢ atalog 582. 16 pp Revised booklet 
ncludes simplified tabular material 
giving types, sizes and color available 


Koiled Kords, Inc Box K, New 
Haven 14, Conn 
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ELECTROMAGNETIC 
CONTROL 


Also available is the ASCO engineering study, 
“Factors to Consider in the Selection of Auto- 
matic Transfer Switches.” 
Catalog 201 on ASCO Solenoid Valves covers 
more than 1300 types — 2 


2-, 3-, and 4-way 
with standard, explosion-proof or watertight 


enclosures—in a wide range of body materials. 


ASO literature 
simplifies choice of 
electromagnetic contro 


MASTER CATALOG 57-S 


More than a catalog, this complete volume supplies comprehensive 
design engineering data on automatic transfer switches, remote control 
switches, contactors, relays, solenoids, and electric plant control 

For the engineering specialist who is concerned with components 

of the ASCO electromagnetic control line, individual catalogs 

are available covering: 


1 Jepencsom 


POWER CHROUIT CONTRON 


For Ad Stand by 


secre FLsnTS 
nag) 
Ta TAL 
{gs wer! “3 


| , obits. sks 


, 
th 


Automatic Switch Company 


Any of these important reference tools may be had simply by writing 
on company letterhead only 


please 


Automatic Switch Co. 


FRentier 7.4600 





oo : ELECTRICAL AND ELECTRONIC COMPONENTS 


NEW! Non sticking, greaseless, long life 
SHORT STROKE SOLENOIDS 
for original Equipment or “replacement use 


PULL CAPACITY 
1 Ib. to 300 Ibs. at 85% 
voltage; |.4 lbs. to 420 Ibs. 
at 100% voltage. Strokes 


>» toe tf 


*INTERCHANGEABILITY 


Complete interchangeat 
ty with National Acme 

f solenoids, size for size 
nd all combinations and 
moditications. 


ONLY Trombetta Soler | ffer These Features 
NON-MAGNETIC METAL GUIDES t ragging and t 
nd ' ' and i 
life expectancy of the 
used manyfold and the 
moletely reliable 


y well established that the 
bility of magnetic stic uides of the type and thickness we use 

ng is eli minate 4: outiast the rest of the solenoid 
avy orease tubricatior THREE CONTACT SURFACES 5. 6 

& required; and 8 

By the use of three sontact surfaces 
1 of then shaded, the solenoid 
as desired with 


i} may be mounted 
mn and at any angle to the ve 
thout amy way affecting | any « 
{ fe 
the length of its useful & THREE IMPACT SURFACES 
ot necessary to make the 5 
precisic fit te the frame ree impact surfaces 
pi e sol d as con 
mounting the solenoid i s parec th similar lenoid using only 
to alion it precisely t e impact surface, even if that ene 
je thrusts in plunger head npact surface be provided with a spot 
» tal 
thick non-magnetic metal 
plunger head and COIL 
he guides must wear 1/16" be By impr een: ating the coil with t 
sticking and dragging sets best waterpr il-proof, and acid-proof 
s, without non-magnetic metal varnishes and baking it very careful 
niy a few thousandths of an a bel adequately all tro er from o 
mb ned wear f plunger head and u hl compounds, wat and acid 
e required to start magnetie autom call ly and someletels elim 


ntroduction of this line the Trombetta Solenoid 
a position to furn any and all requirement 
anging from s . r a + ona stroke and high 


juty cycles up to 600 operations per minut 


Write for Bulletin EE 178-A 


TROMBETTA SOLENOID CORP. 


328 N. MILWAUKEE ST = WA 


U.S.A 
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Wires Morked! ! (ao 


FOR 
PERMANENT 


IDENTIFICATION 





IDENTIFICATION TAGS 
OF EVERY DESCRIPTION 


for marking cables, 8 


leads, and group: 


ing wires! 
Terminal tags ar 


lientification ! 


Mad: 


FREE SAMPLES AND LITERATURE UPON REQUEST 
NATIONAL BAND & TAG CO. 


Dept. P.E., Newport, Ky. 
Phone CO 1-2035 
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NEW 
MINIATURE 
AGASTAT 
time delay relay 


for missile, aircraft and 
electronic applications 


INSTANTANEOUS RECYCLING . 

reset time—less than .020 seconds 
UNAFFECTED BY VOLTAGE VARIATIONS .. 
constant from 18 to 30 volts DC 
ADJUSTABLE . . . time delays from .030 to 120 seconds 
CHOICE OF OPERATION 
SMALL . . 


. time delay remains 


for either energizing or de-energizing 
width—1'\,"". . . depth—11”’ 

LIGHT . . . maximum weight—-15 ounces 

MEETS ENVIRONMENTAL REQUIREMENTS OF MIL-E-5272A 


height—4 


This new AGASTAT t delay relay is an externally adjust- 
pm double pol double-throw unit. It incorporates the basic 
ASTATt le, proved bs 


+ ' 
rauion on 


entury 


niature unit 


nditions of 


For specific information on the new AGASTAT rel 


your apphcation, wnite to ept { S35 


ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 Newark Avenue, Elizabeth, New Jersey 


Pioneers in pneumatic timing 
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Come to Crouse-Hinds 


for Complete Protection against 
vasa ‘Ignited Explosions... 


CONDULET Explosion-Proof 
Electrical Equipment 

d by the National 
azardous- 


; 


define 


for areas » Code ash 


Electrica 
prot ction 


ent plosiv 


ure Hanger s ered te ley ‘ 

ecuit Br eakers ] 

aarp nee _ proot products in the 
aan your Crouse-Hinds 


n Be 


cent & Inc andes¢ 


Motor Ste 
Switches — nd Sys 
5 Process Control wale ds a 7 
oces manent on Systems " 
Q Enclosures panelboards For further 
ment cw 
Tenet signals alarms yon Cc ill the neares 
mercury c nts 
Pu eo Seaton srt engineers are lect 
and ain 
ventilati ing Br eathers Unions recomim ndations 


nite Flexible CouP ngs | 


CROUSE-HINDS COMPANY 


SYRACUSE 1, 


inst 


NATIONWIDE 


DISTRIBUTION 


exclusively threwgh 
Lis 
DisTRisuTORS 


oduc 1 =rir s + 7 R 
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ELECTRICAL AND ELECTRONIC COMPONENTS 








4. WAYS TO END ALL CORD 
> > > > > DUC es 


PROTECT 


YOUR PRODUC?! 
STRAIN RELIEFS 


Interruptions due to cable and 
cord connection failures are elim- 
inated because they anchor the 
cord to the product at the point 
of strain. GRIPMASTER Strain 
Reliefs can withstand pulls up to 
100 Ibs., and are acceptable to 
Underwriters Laboratories. All 
types Reg. U. S. Pat. Off. 


| 







> — 


at point of strain 


Ask for samples. tubes are ovailable in five 


to fit 








WRITE 
Str FOR 
r ene rage WIRE BINDING == SAMPLES 
products bette SLEEVES—Preventing fray AND 
ing of cord ends, these 
specially-treated rubber LITERATURE 
TODAY! 


sizes wires to .790 





GEORGE WALKER COMPANY 


118 AMSTERDAM AVE., PASSAIC, NEW JERSEY 
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/ shielded 
ventilation... 


MIDGET LOUVERS 


All-aluminum Midget 
provide ventilation for 
equipment cabinets. 

Louvers in air ports of transmitter 
sets prevent radiation interference on 
adjacent TV sets. 

Easy installation in either wood or 
metal cabinets, simply drill hole and fit. 
Louvers are screened to keep out insects 


Louvers 
electronic 





SS 







Sizes 1” to 6” 
Proportionate weights per dozen 
2 oz. to 16 oz. 


Write for complete data 


MIDGET LOUVER CO. 


6 WALL ST. NORWALK, CONN. 
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Product Engineering — Design Digest 


Catalogs and Bulletins conunued 


(U-18) Solderless Terminals—C atalos 


Gl, 20 pp. A digest of information 


n the firm’s catalog series. Intended 


is a reference index to select the 
catalog with information needed by 
design engineers. Illustrated. Amp, 


> 


Inc., Harrisburg 30, Penna 


(U-19) Permanent Magnets—B 


158, 20 pp. Covers applications, fun 


damental properties, design problems 


magnet testing magnetic attraction 


mechanical considerations and stabil 


ation and 


magnetization of finished 


magnets. Illustrated with photos and 
Thomas & Skinner, 


23rd St., Indianapolis 


np 


ip} licab e curves 
Inc., 1178 I 
(U-20) Terminal Designs—W al! Chart 
40 pp. Wall chart shows 
terminals by 


ind catalog, 


96 turret type. Principal 


dimensions are shown on each. Com 


panion catalog iS tab-indexed listings 
of terminals 


With 


all 96 


and electronic hardware 


fully dimensioned drawings of 


terminal designs as well as d 
mensions of each 


Metal 
SU Mass 


size variation 
Stoneham 


cision Products Co 


(U-21) Electrometer - Megohmmeter 
Bulletin 1, 4 pp 


Includes descrip 
tion, photos, schematics, technical 


and 
Walter N 


Ave 


specs the 
Irump, 516 § 


Kans 


price ot instrument 


Vermont 
Columbus 


(U-22) Electrical Components—< 


log, 26 pp. Describes and _ illustrate 


specialized valves, solenoids na 


switches. Gives specs and dimensiot 


drawings for each of 13 components 


Koontz-Wagner Electric Co., Inc 
South Bend, Ind 

(U-23) Pneumatic Transducer — 

log sheet 59-100, 2 pp. Explains 
operation of electromechanical de 
vice for converting 3-15 psi input 
pressures into ac signals. Fischer & 
Porter Co., 495 Jacksonville Rd., Ha 
boro, Penna 

(U-24) Miniature and Subminiature 
Relays—Catalog, 16 pp. Data sheets 


contain specifications adjustment 


schedules, dimensional and circuit 


diagrams. A special section includes 


data and charts for 


computing chat 


acteristics of relavs 


under varying 


conditions of volt 
I lec 
Co 
Ore 


resistance, Current, 


age, pow er and 
tronics Div.., 


2838 W. | 


temperature 
Mtg 
Portland, 


Fireman 
Ave . 


Iron 
9th 


Issue 
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\LL NEW! 
| _ Veeder-Root 


aseeumee <i l Panel-Mounted High Speed 
7772 e 
| = Electrical Counters 


eV erie L I € rical ounte 
the gap between standard and electronic counters 
industrial, data processing, or laboratory and scier 


- They're designed for accuracy and ng life at very higl 
...-With speeds rated at UOU counts per minute wit! extended 


test-runs up to 6000 cpn 


electric resetting — Ai they have the unmatched 


t m nar ' ae ght - t I 
- or electrically from a distance. Pans f 
counters « be placed right in your off 
Grn 1/1OChr —_ counters can be placed right in your office |. and o 
small size. low-wattage coils for continu duty and 
of a second 7. continde sadite 4 Cdk guleats se sendin: 
rt e ne ind different « inte are the latest « de 
hat eder-R d i 
with modern « 
I nd | 


that Everyone INCORPORATED 
Can Count on HARTFORD 2, CONNECTICUT 
Za, _—tortford, Conn. + Greenville, $. C. « 


Alt P 





Added Evidence a  WeEEDER-ROOT 
\ 


New York * Los Angeles * San Fr * Mont 


s 
Offices and Agents in Principal Citie 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


LIQUID LEVEL CONTROL 


with the 


POWER SUPPLY ‘corps! Fe B/W RELAY 
347 engineered 
from end to end 
for longer service life, 
speedy assembly! 








Type LH Relay 


for 


Pump Down, Control 


POSITIVE AND DEPENDABLE 


The B/W system of quid level control consists of trans 
former type induction relay and a holder for one or two 
electrodes, depending on the desired operation and the type 
of relay used The relay incorporates a primary or ne voltage 
coil connected to a permanent source of alternating current 
and @ secondary or electrode circuit co connected to the 
electrodes immersed in the liquid being controlled. Energizing 
the primary coil causes an induced voltage in the secondary 
co thus the secondary coi! is never connected to the power 


line 
LIQUID IS ELECTRICAL CONDUCTOR 


The liquid itself is the electrical conductor that completes the 
secondary circuit. When this secondary circuit is completed 
by the liquid contacting both electrodes, the magnetic attrac 
tion set up in the legs of the relay core causes the armature 
close, and open or close the load contacts. A built 
circuit maintains this contact unt @ predetermin 
liquid level breaks the circuit. By adjusting the 
+44 settings, the range of operation can be controlled 
+-Whether-you' require an 
assembty firtty saiinseeed FOR PUMP UP and PUMP DOWN 
to) your Specific applica- APPLICATIONS, SIGNALS and ALARMS 
|_| tidn)., . or if you choose 
it From one of the indus- re are 
| try’s widest assortments eration. In addition, by using a single electrode they a 
ofistock molds for caps, >d for signal and alarm applications 
€ennmectors and strain re- 
hefs .. . you can depend NO MOVING PARTS 
orm Royal Electric power 
supply cords. Royal stock 
molds are available for 
molding in rubber, neo 
prene or vinyl, to black 
oricolored Royal cords of Consult our engineering department on any specia 
required lengths ...deliv- applications 
ered--on schedule 
to-meet your exact WRITE for NEW CATALOG 
production and as- 
sembly | neéds. 


Send: us ‘your de- ‘ », Contains valuable 
sign ‘specifications f gieute tafermation on 
bf write) fot our - liquid level relays and 
Power fury Ty, 
Cord Ce? ta lk »g 


5-54. 


designed tor either pump up or pum 


The complete absence of moving parts in the liqu 
long and trouble-free perfor mance. Because of the 
current in the secondary circuit these relays are 

many switching jobs outside of the liquid level field 





closures, coil selections 
control panels, signals 
alarms alternators electro 
and electrode holders—inc 
ng ice free electrodes + 
shows many application 
grams. Write today 

AN ASSOCIATE OF 


& Het B/W CONTROLLER CORPORATION 
eo oe Cy ij) 2218 E. Maple Road, Birmi , Mich. 
ROYAL ELECTRIC CORPORATION sedan: stedacoanae 


sociaté of Thtdrmational Télaphone pnd Telegraph Corporation 


PAWTUCKET a RHODE ISLAND FIRST 1M THE FLOATLESS COMTROL FIELD 
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ye wt ee TH e RMOSTATS 1, 2, TYPE C semi-enclosed (1), hermetically 


sealed (2). Small, positive acting with electrically 
independent bimetal strip for operat 


. *,° “ m 
for precise, sensitive temperature control -10° to 30°F. Rated at opproxin 
amps, depending on application. Herme 
sealed type con be furnished as dout 
mostat “alarm" type. Various term 
y J mountings. Bulletin 5000 
: 7 


3, 4, TYPE M semi -enclosed (3), hermetically 
sealed (4). Electrically independent bimeto! dis 
types for appliance and electronic opr 
tions from -20° to 300°F. Rating 

115 VAC, 4 amps ot 230 VAC and 28 
Semi-enclosed with virtually any type tern 
hermetically sealed with p 

nals, wire leads, various 

Bulletin 60 


5, 6, TYPE MX semi-enclosed (5), hermetically 
sealed (6). Snap acting miniature units t 

on temperature rise for missile, 

tronic and si 

available. Ra 

ing on duty y 

for 25 y er nclosed types with 
metal or ceramic ba hermetical 

in circular or CR7 car 


mountings, brackets, etc. Bulletin 6 


7, 8, TYPE S* adjustable (7), non-adjustable (8). 
Positive act ng with single stud or n ern nt 
ing. Operation to 6 F. Rated 
ot 115 VAC, 7 amps at 230 VAC 

elevated terminals, var ‘ 


Bu etin 


TYPE SA®* adjustable (9) or non-odjustable 
scting with electr ? dependent t 


».thr 


10, TYPE SM* manwol reset (10). Electr 


same s ype SA rt vel ex ept for ma 


reset feature. Bulletir 


11, TYPE B adjustable ) or non-adjustable 
For uses where heo Q srated 

of urre 

ing 

omps oat 


Bulletin 9 


12, 13, 14, TYPE A®* semi-enclosed (12 
hermetically sealed (14). |r sted, ele 
independent t 

and quick, sna 

electror } 

Ratin 


at 115 


4 


bra 





15, TYPE R°* sealed adjustable (15), sealed non 
adjustable. F sct t 


16, TYPE W* adjustable (16), or non-odjustable 


Snap act metal strip type f 


17, TYPE H? adjustable. P 


18, TYPE D* automotic or monval reser 
For lour f 
cir applicatior r 
STEVENS manufacturing compary, inc. : seoroved for epes 
‘ enclosed styles. Rated at 


P.O. Box 1007, Mansfield, Ohio 10-240 VA ar 


STENCO 


"s withou 


*Refer to Guide 40060 for UL. or CSA. approved ratings 
{Patent Applied For 


THERMOSTATS 
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Catalogs and Bulletins continued 


T I t R R E L AY (U-25) Photoelectric Controls—C ata 


that handles all controlled log 58, 24 pp. Descriptions, applica- 


tions and data on normal, high-speed 


. o 
timing problems eee Ni ultrasensitive and  impulse-actuated 


photoelectric controls. Also covers 


T 1 j ‘ 
mn teel clad factory set, Tamp- plug-in photoelectric controls, photo 


t Uurakc timer-re $ ' electric and timing controls operated 


Ut 
y non-breakable. Oper- ERGIZE by the same phototube; light sources 
electronic timers, and controls opel 
ated by current surge and impact 
Autotron, Inc., Box 722 V, Danville 


III 


(U-26) Rotary Selector Switches 
Data sheets 86B, 4 pp. Covers the 


standard line, including information 


j 


s on sealed subminiature assemblies at 
; a version available with as many as 
20 basic switching units. With photos 
STEEL MERCURY TIMERS ; dimensional drawings, electrical rat 
! ngs, characteristics and price informa 
No f | n d ; , 
oe 2 poche tacts  , tion. Micro Switch. Div. Minneapolis 
on st : 
* oe = Honeywell Regulator Co., Freeport 
% Practically ‘fail safe" E-ENERGIZE 1] 
% Low cost timer 
See telephone directory for (U-27) Electrical Hardware—¢ 
local distributor, or wr > 5) } 
' C258, 12 pp. Contains descriptions 


te 
0 uJ RA K 0 0 L ° IN C ’ dimensional information and illustra 
ELKHART, INDIANA, U.S.A. tions on cable staples, conduit bush 
700 WESTON RD., TORONTO 9, CANADA ass, knockout plums, teresinal blocks 
CIRCLE 477 READER SERVICE CARD connectors, tools, splice caps, lugs 
ind wire tips. Buchanan Electrical 
Products Corp., Hillside, N. J 





E| i ' ; M (U-28) Footswitches—Catalog 5 } 
eee ectrica ol Win ings pp. Lists more than 75 models of all 
types. Contact type, stage, pole, throw 
phase, rating, size, weight and specific 
features are included for each switch 
Linemaster Switch Corp., 432 Wood 
stock Terrace, Woodstock, Conn 


(U-29) Plug-In Servo System 
folder containing brochure and sp 
cification sheets. Gives information on 


plug-in servo repeater systems, s 
miniature servo amplifiers and_ the 
concept of coordinated miniature sys 
tems and components. Waldorf In 
strument Co., Huntington Sta., Lon 


Island, N. Y 


(U-30) Rotary Solenoids, Switches, 
Selectors, Stepping Motors—Bulletin 


1157LS, 4 pp. Describes rotary solen 


For 40 years . . . specializing in all types of coils to 
customers’ specifications. Design or engineering assist- 
ance available on request. 


olds, selector switches, hermetically 
sealed selectors and Stepping motor 
Contains a dimension 
ch irt for Stock solenoid | 
cutaway drawing of the stepping m« 
7 
°7 * tor dimensional data on seiectol 
SINCE 1917 switches and a brief review of sealed 


61 Pavilion Avenue Providence 5, Rhode Island selectors. G. H. Leland, Inc 
Webster St.. Dayton 
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ELECTRICAL AND ELECTRONIC COMPONENTS | 


US FT SEMCOR 


Fraction of an inch of 
gold wire and alumi- 
Inside end of straight num wire are insert { 
wire electrode is and crimps foide i over 
l as supplied crimped to a hollow tight. (See photo B 
V-24 glass open top shell. (See 
stainless steel photo A) 


This application is typical of the hundreds of 
electronic components whose continuing operation is 
assured by the safety factor of a terminal with electrodes 
fused into the glass. The resulting rigidly fixed position 
of the electrode guards against damage to the finished 
assembly through movement of an electrode depending 
only on compression for its position in the glass. 


Robert A. Rutherford, Vice President of U. S. Semi- 
conductor Products, permits us this direct quotation. 


“The Fusite header provides us with a very 
solution to the problem of the lead wires turning in t 
The fuse d glass to steel has solved this ve ry trou ble 
The stainless steel material also 
provides excellent corrosion resis- 
tance. Aside from receiving a supe- 
rior product from Fusite, we have 
also received very excellent service 
and a great deal of cooperation from 
both the company and their repre- 
sentative.” 


FUSITE 


oe 
THE F ae s 4 T & CORPORATION } oe 


6000 FERNVIEW AVE., CINCINNATI 13, OHIO 


In Evrope: FUSITE N.V. Konigweg 16, Alemlo, Holland 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


Need SPECIAL 
OTARY SWITCHES? 


see 


ESCO of WEYMOUTH 






ESCO standard components 
are assembled to meet 
your requirements. 










4 deviation from standard 


switch assemblies will give you a spe 


one of oul 








a standard-switch cost 


YS 


switch at 
Over of our production IS Spe 


in one way or anotne! 


oe 












































ese standard switche t 
fied to fit u rs ‘ 
1 I o 8 po 
1} p ( 
nax 
“I! oO p 8 voit 
ps, per MIL- 
} M pto4p 
p-actio 0) Pp 5 
s n s 3 
f ve 
nN) p Stn ‘ ‘5 
j Can he 
( MIL-S ) 
3€ 
; e7 I p to 8 ’, ( 
oo 7 at nax n.d I ( Ir ) 
pa YPE H s s s 
I vo v« C 
e/ JD-JS p to & pe io 5 
IT \ I ( 0 p 
oO t Q U i vo 
e 7 HI 6p 
or maxit | [ oO ) 
mp 5 vo 
@ r H1 p to 16 pe 
0 se or max ! nt 
8) rating 5 p + VE C \ 
ingle knob contro o Type H1 
witche emt ] C 
nism 


to MIL-S-15291 and 
j WHT JO0O0O-S6? ? 


195 14 and 











Write for data heet on indiv 


switches or complete new catalog on 
rotary multipole switches. Send 5 your 


~ requirements and we'll give you full specif 
cations on the ESCO switch that meets 
ee md 1 


your need 


ESCO of WEYMOUTH 


ELECTRO SWITCH CORPORATLON 


Weymouth 88, Massachusetts 





152 


CIRCLE 480 READER SERVICE CARD 


ee ELECTRICAL AND ELECTRONIC COMPONENTS 


Catalogs and Bulletins continued 


(U-31) Data 


p. Gives technical specifications and 


Transistors chart 8 


pplication data for almost 500 tran 


sistors now available, and includes 
over 170 new types introduced re 
cently. Kahle Engineering Co., 1313 


th St., North Bergen, N. J 


(U-32) Industrial Solenoids—Catak 


6 pp. Gives illustrations, d 


ynal drawings and force characte 
stics On every industrial solenoid 
odel, ac or dc, in line. Detroit Co 
Co., 2435 Hilton Rd., Ferndale 
Mich 
(U-33) Electrical Contacts—« 
1, 4 pp. Witt S < 
operties. Applications 
ad Has din sional 
Gibson Electric Co Old W 
P Highwa D P 
(U-34) Plug Guide— 
\ checklist for s t 
C consid 
of contacts n 
ling methods sul 
onmental condit s \ 
S of fret sentat s 
! format on p ( 
I c ¢ 8 H S 


(U-35) Repeat Cycle Timers—Bulk 
AWH R¢ 30] u pp Submir P 


timers are described, charts on 
g times with outlu 
eNnsions. a xin 
( or m t S 
lL. A. W. H ( ( W 
( ) ) 


(U-36) Electrical Connectors—B 


+ , ' t) 
) 

,~s py spec c 
won data on 


Also 


stant connectors 

delaved action to meet miulit 
pecs. Includes wire tables show 
lowable current-carrying < 


id other excerpts from NEC c 
National Co., 1334 N. Kost 


(U-37)—Solderless 


Catalog, 8 pp 


Wiring Devices 

Describes and _ illus 

tes solderless terminals 

ctors for crimping to wire. Data 
ided to air selection Representat 

samples of ETC terminals and co 

nectors are included with each cat 


Terminals & Connectors 
67th St., ¢ 


log. Electrix 


Inc., 990 FI leveland 
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FE) MICRO SWITCH Precision Switches 


These precision switches make equipment 
more automatic...more productive 


MICRO SWITCH precision switches are used by 
thousands of manufacturers as components and 
in thousands of plants to make existing equip- 
ment more productive. The switches shown 
represent only a few of a very complete line 
to meet every need. 


1 Heavy duty limit switch with rugged sealed 
enclosure. Choice of actuator designs and cir- 
cuit arrangement. (Catalog 83 


2 General purpose limit switch. Available side- 
or bottom-mounted with variety of actuator 
designs. (Catalog 83 


3 ‘Plug-in Limit” switch. Working parts plug 
into permanent base like a radio tube. Replace 
in seconds. (Catalog 83 


4 Small two-circuit limit switch. Enclosure 
completely sealed. Roller arm and head assem- 
bly fully adjustable. (Catalog 83 


5S General purpose limit switch in zine alloy 
housing. Sealed against dirt, dust and liquid 
splash. (Catalog 83 


6 High capacity switch will make and break 
steady state currents of 20 amperes, switch in- 


HONEYWELL 
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rush currents to 75 amperes. (Catalog 83 


7 Basic pin plunger switch. A small, complete 
and self-contained switching unit. Available 
with wide variety of actuators, contact arrange- 
ments and terminals. (Catalog 62 


8 Smallest explosion-proof switch available 
Underwriters’ listed for hazardous atmospheres 
Class 1, Groups C and D, Class J1, Groups E, 
F & G. 
9 Honeywell proximity switches magnetically 
detect ferrous objects without physical contact 
Well protected. No moving parts. Have long 
life — give highly lependable service Data 
Sheets 119 and 130 


Catalog 83 





MICRO SWITCH, FREEPORT, ILL. 
A division of Honeywell 


In Canada: Leaside, Toronto 17, Ontario 





MICRO SWITCH Field Engineering Service and 
names of authorized distributors are listed in 
the Yellow Pages. 


Honeywell 


MICRO SWITCH PRECISION SWITCHES 
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ee ELECTRICAL AND 





| 


ZERO BACKLASH 


GUARANTEED 
WITH 


MINI-JOINTS® 


“Miniature Universal Joints 


| TELESCOPING DOUBLE JOINT 





with preloaded ball spline now 
available as a zero backlash as 
sembly 





Ball cluster welded to discs 


Sealed in lubricant 


Disc 
Pat. P 


Zero backlash « 
30 
lubrication 
Body—303 


stainless 


Features Maximum op 


erating angle of Lightweight ° 


Sealed-in 
Materials 
Balls—440 


semblies 


stainless steel °* 


steel * Special as 


f non-magnetic balls available 


SINGLE JOINTS 


Bore Body 
SOLID $+ 16 


oot 





| DBIBSs 
|} OB2Ks 
DBS 187 


|DBeBS 250 


| TELESCOPING JOINTS 
Double 
rque 
LARGE JOINTS 


with 


Available in the 
with 


Joint sizes 


same To ratings 


A new 


t ] 


group of joints body 


Other 
Miniature 
Reducer 


instrument co include 


Spe ed 


mponents 
Coupling * Miniature 
Further 


promptiy on request 


Falcon Machine & Tool Co., Inc. | 


Div. General Thermodynamics Corp 
209 Concord Turnpike, Cambridge, Mass 


information available 
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Catalogs and Bulletins continued 


Relays 
Papers presented at 
Electro 


Subjects covered in 


(U-38) Electromagnetic 
Booklet, 132 pp. 
Sth National Conference on 
Relays 


energy) 


magnetic 


clude: low level circuits, dry 


circuits contact loading contact 


bounce, reliability, vibration testing 
thermal relays 
Potter « 


Princeton, Ind 


testing techniques 


electromagnetic relays 


Brumfield, Inc 


(U-39) Circuit Controlling Counter 
Bulletin 


SOS. 


8 pp. Construction and 


yperation of multistage unit with 


utomatic recycling. Switching pat 
and schematics are shown. Coun 


ter and Control Corp., 5225 W. Elec 
tric Ave., Milwaukee 19. 


terns 


(U-40) 
Brochure, 
lights 


Miniature Indicator Lights— 


6 pp. Covers miniature in 


dicator and special-function in 
dicators for aircraft, 


ndustrial 


computers 
and lab instruments. A \ 
ot data rea 


idout and other 


itors Is shown. Includes photos, de 
dimensional drawings 
whole line. Eldema Corp 


Belcroft Ave El Monte, ¢ alit 


criptions and 
for the 


ROS 


(U-41) 


) pp Ir for 


Electronic | ( 


7; nerat 
nation and operat 


meter calibrators, volt 


rital readout meters, 

and other electronic 

rr production us¢ 

nport Mfg. Co 
Chic 


(U-42) Smell Lamp Sockets—< 
7 7 pp Tech iv al 
illust: 


desc! 
ations of various 
for these sockets als 
grams and measurements 
ounting brackets are also 
ided. Leecraft Mfg. Co., Inc 
60 Greene St., New York 12 
(U-43) Miniature Rectangular Power 
Specs 
information on 


Connectors—Brochure, pp 


diagrams and general 
Series-250 power connectors. DeJur 
Northern Blvd., 


Mm. ¥. 


Amsco Corp., 45-01 


Long Island City 1, 


(U-44) 
tifiers 
Tells 


Rec- 


A.577 3 6 pp 


Germanium Component 
Bulletin GI 


how to select and apply fan 


cooled and blower cooled erman 


im rectifiers Tables, charts, line 


drawing and photos illustrate opera 


tion, operating characteristics, dimen 


sions, ratings, and model numbers 


General Electric Co., Schenectady 5 





OTWATT 


Bp eclslon 


QARTR DGE 
HEATING 


| UNITS 





put heat 
on the “spot” 
in a hurry 








HOTWATT ¢ 


able, ec 


HOTWATT off 


@ Stainless steel sheaths to precision tolerances 
for complete contact 


e@ Maximum surface temperatures to 1250°F 

@ Rigid external terminals with repairable leads 

e@ Heating elements just beneath surface for 
maximum heat transfer 

@ Connections are S.S. screws and nuts or nickel 
alloy lead wires swaged to rigid EXTERNAL 
terminal tubes 

@ Standard units moisture 
tight on specifications 

@ Basic designs are readily adaptable to special 
requirements, sizes or ratings 


resistant — liquid 
HOTWATI arti 


call HOTWATI 


ry 


NEW 
CATALOG 
contains full 
description, specifi 
cations and prices for 
the HOTWATT line 
Write for free 
copy of Bulletin 
200D 


HOTWATT, INC. 


Electric 
Heating 
Specialists 


75 Maple Street, Danvers, Mass 
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Catalogs and Bulletins continued 


(U-45) Industrial-Type Selenium Rec- 
Bulletin 248A, 6 pp. Ratings 


ind dimensions for high-current den 


tifiers 


sity, industrial-type selenium rectifiers 
Also, data on uprating the rectifiers 
vhen cooled by forced Radio 
Receptor Co Inc Wythe Ave 
Brooklyn Il, N. ¥ 


(U-46) Five-Position Count Selector 


Bulletin 600. 2 pp 


and Controller | 


For predetermined switching with in 
intaneous, automatic recycling. With 
neral description, specs and dimer 

data C ounte nd Cont 

Co WwW. tI A\ M 

ikee iY 


(U-47) Electronic Components and 


Motors—Catalog 43 8 pp. Lists 
nchros C-« motors, servo motors 
I S mot 
ors ther components. S 
lek P s ( 86 G R 
H f e, N. J 


(U-48) Voltage-Regulated Power Sup- 


ply—Bulletin SO, 2 pp. Desc 
tial | ly 4 
s dut { 
n Incl C S 

limensiot im nt Opad | 
ric Co.. 69 Murray St... New York 
(UL -49) Instrument and Control 
Switches—Bulletin I4BS8112A, 8 py 
Operating data, descriptions of com 
one ) id im tc 
C ons tion feal 1d «the 

tages are desc Allis-Cl 
me Mtz. Co Milwaukee 


(U-50) Terminals and Connectors 


(U-51) Resistance Wire and Ribbon 
Catalo M-57¢ 16 pp. Desc 


6 nickel sis 
s d | ele Ne 
here ten ‘ 
0) | | 
sistor applic . 800 I 
I des list Ce I if 
nge of s ‘ d 
ters 1d on it! thick 
esses. Also, data on heating-eleme 
lesign, tables on current-temperature 
relationship, wattage-wire  siz¢ nc 
wattage-ribbon size relationships. Hos 


kins Mtg. Co $4445 Lawton Ave 
Detroit 8 





ELECTRICAL AND ELECTRONIC COMPONENTS gE 





[oS Wei ibe 


WHEAT PRICES, TEAM SCORES 
OR TRAIN SCHEDULES, G-E 2-PIN LAMPS 
CAN ANNOUNCE THEM ALL! 


a | Goel 

{ 4—4 

\ 

A ii H ( 

") 
| ! Gaal 

(-.} 

Dent. PED \ 4 k { () 


} 


Progress /s Our Most /mportant Product 


GENERAL @@ ELECTRIC 
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AUTOMATION Co ccnatbuy Maser Sc 
COMPONENTS | 


Bulletin GEA-6705, 2 pp 
and are 
PHOTOELECTRIC SCANNERS, 
MINIATURE 


[Tables 0 
include 
Draw 
modifica 


Schenec 


ratings dimensions 
with exploded view of features 
handle 


Co., 


nes show available 
tions. General Electric 


tady 5, N. ¥ 


Folder 


and 


(U-53) Electrical Contacts 
[ Has table of 


contacts descr 


special com 


relavs 


TIMERS, ELECTRONIC 
’ 


nosite ibes design 
dimensions 
Inc 1106 


Wethersfield 


specs. Charts give 
Contacts, 


Highway 


rd units 


tanda 
Silas Deane 


Conn 


(U-54) 


sheets 


Potentiometers ( 
Illustrated engineering spec 


fications on seven new and 


file-folder 
Electronics Div., ¢ 
S. Del Mar Ave 





models 


Spectre 


In form C 
ape 
I 


arrier Corp 

San Gabriel, ¢ 
fornia 

Economy Models A, B, C, D, 


a Electrical 
Manual ¢ 


ind 


(U-55) Assembly of 
6, 12, or 24 se nectors, Components 
np. An 


ual 


instruction service m 


Timer 


OF] 


] 


for assembling elec 


and 


Model 3 Repeat-cycle wiring 


f ON 
trical connectors 
Discusses military specifications 


Model 120 General er, audio microphone, and RI 
Purpose Timer . ) ; 
and 
@> 


a ) nectors. Wire prep 
4 ~ if ng techniques are 
wm rib d 


Model 2 Voltage-regulated Timer 


ind components 


es Ad 
O74 © 


rn \ 
DOW 


iration 
llustr 
hy 


and step 


Amphen 


_ 


(U-56) Relays— 
la de by leading 
and model numbers 


186-PM, W. Cl 


VS ma 


SYNCHRONOUS CONTACTORS 
Rotati . i Sales 
roragicea Ne epee 20, Ill 


ves prices 


Box 


Master Switch 
4-6706, 8 pp Feature 


Operating adv 


(U-57) Heavy-Duty 
Bulletin GI 
modifications and 
surfa ind desk-mount 
With 
tive bullet n request tions and 
RELAY, ELECTRONIC tric Co., 
Operated by “Tet 
high-speed 
energy San PP 
impulses | | istics 
CK 


tages of ce 


models drawings of config 


General E] 
Schenect idy 5 N rg 


dimensions 


(U-58) Primary Batteries atalog 
Electrical and physical character 
With d 
Yardney 


40-50 Leonard St., New 


low 
typical applications 
grams and photos 
Corp York 


N. ¥ 


(U-59) 
ponents 
First 


Electronic Connectors, Com 
t g enough to actuate heavy 

yuly ent 3% ™ 47%" x Sf 
shack lod 


2300 WASHINGTON ST 


Company 
of 
New products and devel 
reviewed. H. H 
$17, Toledo 1 


publication 


issue Electronic Connector 
a quarterly 
opments are 


Box 


wihhdarvy 1c p01Ged 
7 


NEWTON LOWER FALLS, MASS Inc 
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continue d 


Electrix 


j 


standard 


Con- 


Buggie, 





Aaa h o>;-_J_J}}!, 








INDICATOR LIGHT ASSEMBLIES ake 
i” 


Ss pe 








RIGHT Data. . 
RIGHT /deas .. for your 


MINIATURE LIGHTING 


For — Pilot — Dial — Indicating 
—Illuminant uses, DRAKE’s 
quick-reference catalog simpli- 
fies selection of just the right 
Miniature Lighting unit. 16 
picture and fact-packed pages 
include detailed specifications; 
plus highly useful data on basic 
unit elements, best choices for 
various uses, Project Data 
Sheet makes it easy to get spe- 
cific recommendations for your 
job. Decades of specialized ex- 
perience in all aspects of Minia- 
ture Lighting make DRAKE 
first choice for top results, best 
quality, greatest economy. 


etc. 


* Send for 
your 
copy 

TODAY! 


— 


MANUFACTURING 
COMPANY 


1713 West Hubbard Street 
CHICAGO 22, ILLINOIS 


Miniature Lighting Specialists 
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Catalogs and Bulletins continued | 
(U-60) Electrical Conduit and Cable 
Fittings— Bulletin rt] 


operational and ns 


85, 62 pp. Design 


SiZes 


number 


(L-61 


Switches 


(U-62) Subminiature Indicator Lights 
Brochure Descr 


(U-63) Heating Units—B 


6 pp. Describes cart 


(LU -64) 
Components 


Solenoids, Coils, Electrical 


th 


Electronic Switch Controls 


25 pp. Describes 


(Ll -66) 


man Ele 


Harttord 
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‘DIAMOND H’ 
® RELAYS 





NEW ... High Speed 
Polarized Relays 


Fast action with freedom from bounce 
high sensitivity and consistent operation witt 
low distortion, are provided by small, r iff 


Series P Polarized Relays. SPDT, 


independent coils, they will handle over 1,00 


wit! 


pulses per second. Various coil resistances uy 





to 5,000 ohms each coil. Contact ratings vary 
with switching speed but range from 60 MA 
to 2A 


dependent 


with voltages to 120 AC or DC, 


upon employed 


amperages 


Aircraft. Missile 
Series R & S Relays 


hermet 1 4PDT, & 


C WIC ALLY sale 


OV 


General Purpose 
AC, DC Relays 


DPD! 





“Diamond H” engineers are prepared to work with you to 
develop variations on these relays to meet your specific 
requirements. Tell us your needs . by phone or letter 


THE 


HAR 


240 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 


MANUFACTURING 
COMPANY 
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Tough Start your own 
Nylon Heyco 


STRAIN Design 
RELIEF wil 
BUSHINGS 


Insulate and anchor the 


power supply cord to 
your housing... Information File 


no need for grommets, 


wire knots or costly by subscribing to 
labor. 


New Products 








PRODUCT 





ENGINEERING 


a 
(#7 Y, 
\ ff Y y 
y = : = Subscription Manager 
Y Product Engineering 
McGraw-Hill Building 
ABSORBS PULL New York 36, ¥ 


Please start my subscription to Product Engineering once for 





























FREE SAMPLES oS 2 yrs. $8 
Let us know your wire size aN U. S. Prices 


and we will send samples to Vz Check enclosed Please bill 
fit. Heycos are made for all 


wires to 3/4” diameter ABSORBS TWIST 

















Name 





HEYMAN MANUFACTURING COMPANY Company 


KENILWORTH 13, NEW JERSEY 
Address 


City Zone State 
If you wish copies sent to home address fill in all information 
above then give name, address here 


Address 


HEY MAN!...SAY HEYMAN City Zone State 
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New program timer features complete adjustability 


Timing Cam Adjustment 


Each SPDT 


Operation 
App 


Features 


TIME RANGES 


LOAD CIRCUITS I 


\ 


THREE MORE WAYS TO SOLVE YOUR TIMING PROBLEMS 


6, 








VARIABLE-CYCLE PULSE TIMER TYPE 650 ADJUSTABLE PERCENTAGE TIMER 


(CRAMER CONTROLS 
CORPORATION 


Box Cent ( 
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Whuy Be Low Man 


ON THE RouTING LIST... 


Have your own personal copy of 


PRODUCT ENGINEERING 


sent to your home or office each week. 


Fill in-cut out-mail (please print 


Subscription Department 
Product Engineering 
McGraw-Hill Building 
New York 36, N.Y 


Please enter my subscription to Product Engineering at once 
Payment enclosed Bill me 

Name 

Company 

Address 


City 


Please send to my home 


Address 


Subscription Department 
Product Engineering 
McGraw-Hill Building 
New York 36, N.Y 


Please enter my subscription to Product Engineering at once 
Payment enclosed Bill me 

Name 

Company 

Address 


City 


Please send to my home 


Address 


ROUTING LIST 


























Bill Company 























Subscription Prices 


U.S.: 1 year—$5 
Bill Company Canada: | year $7 


All Other: 1 year—$25 
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HYDRAULIC AND 
PNEUMATIC EQUIPMENT 


Ys 
ee 


a | 


=» 


Ejectors for Suction Pressure 
by F. Duncan Berkeley 


Estimations of Resonant Frequency of Hydraulic Actuators 
by B. C. Moore 


Modifying Valve Characteristics 
by Gilbert L. Roth 


Steady-state Axial Flow Forces on 
Pneumatic Spool-type Control Valves 


by Tsun-Ying Feng 


Selection and Application of Heavy-duty Air Compressors 
by R. Schaefer 


Trouble Shooting Fluid Circuits 


SECTION ms 


GENERAL 
ENGINEERING 


METALS 
AND ALLOYS 


NONMETALLIC MATERIALS 
AND FINISHES 


FABRICATION AND 
PRODUCTION PROCESSES 


POWER 
TRANSMISSION 


MECHANICAL PARTS 
AND DESIGN ANALYSIS 


FASTENING 
AND JOINING 


MOTOR, ENGINES 


AND CONTROLS 


ELECTRICAL AND 
ELECTRONIC COMPONENTS 


HYDRAULIC AND 


PNEUMATIC EQUIPMENT | 
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Chemical Engineering 


Ejectors for 


F. DUNCAN BERKELEY 


Graham 


suction pressure 


Multistage 


ejector systems 


Manufacturing C 


simplify designing 


vacuum-producing equipment of any pressure range. 


Simpk principles plus the use of 
team and compressed al! most 
the 


other 


ejector many idvan 


nts give 


ves ove! vacuum pumps 
economical 
some 


considered if 


However, design of an 


ejector is a complex problem 


that must be 


! ibles 


electing a design are: suction pres 
sure required; steam available Watel 


fluid to ve evacu 
installation 


ilable 


equipment and cost 


Ejectors operate by means 


propelling fluid 


high-velocity jet o© | if 


entraining a gas, vapor, OIF 


divided solid and causing it to flow 


t high velocity along with the motive 


stream Directing this combined 


tream into the diffuser section of an 


converts veloc ty nto p Cs 


ejector 


ire The 


pushes 


high-veloc 


i 


<> ~~ 


Fig. 1—Conversion of pressure to veloc- 
ity in the nozzle of the ejector and the 
conversion of into 


velocity pressure in 


the diffuser is shown by the curves. 


J2 


differenc 


the 


pressure 


Fig. 1, between suction 


tt 


the discharge of the ejector 


Under normal conditions the 


pansion process in the nozzle i lute 


well-designed ejector iS an efficient 
part of the over-all flow process with 
low energy losses. However, as 
velocity is increased, converting ve 


locity back into pressure becomes less 
efficient 
i an 
energy 


flow 


This part of the flow process 


ejector is where most 
oceu©rs At St 


shock 


loss 
velocities waves 
the diffuser 


the 


duced. Losses in 


more severe as diffuser 


velocity S increased al 


discharge pressure 


Fixing the discharge 


i single Stage eyectol 


atmosphere 


ompressio 


Fig. 2—Performance curves for 


n the 


a family 


is also affected by using 


the jet veloc 
[his c 


increase 


energy of 
load gas 
pressure to 


ncreased 


WATER CONDENSATION 


im from each sta 
is usually 
j 


cooled intercondel!l 


of designs of single 


stage ejectors using the same quantity of steam in each. 
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to the over-a 
for a family of desigr 
many as three condensing stages 
used practic illy 


ectors nor 


Fig. 3—Absolute pressure vs. air load for all possible points of maximum 


efficiency covering the entire range that ejectors are normally used for 


STEAM PRESSURE INTERCONDENSERS EJECTOR SELECTION 


EJECTOR OPERATING 
CHARACTERISTICS 
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nimum stable ! l the Dp SINGLE-POINT 
yecomMeE instable i EJECTOR DESIGN 


Fig. 4—Performance curves for a typi 
cal 5-stage ejector covering the entire 


area of possible Operating conditions 


PARTIAL OPERATION 
OF EJECTORS 
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Estimations of 


resonant frequency 


of hydraulic actuators 


B. C. MOORE, Douglas Aircraft Cc 


AC 
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Modifying 


valve characteristics 


GILBERT L. ROTH 


Typical ranges of modification possible with a linkage of three or four 
bars are portrayed graphically for slide, poppet, and butterfly valves. A 
graphical technique for finding the specific linkage design necessary to 


meet a desired flow characteristic with a standard valve is described. 


Fig. 1—Flow stem-travel characteristics 
obtainable from control valves at two 


conditions of system resistance is: 


J 


The equation gives flow characteristic in 
terms of the valve’s open area but 
this area varies with stem travel 
Frequently overall design requirements 
dictate the choice of a valve type, and 
the flow characteristic that results may 
be unsatisfactory. Natural characteristic 
can be modified to suit process require- 
ments by introducing nonlinear mecha- 


nisms between the stem and actuator. 


Hf 
om w\ 
“ \ 
river 
\ bavtesoved 
U 
os nl 


\ 


t} 


Fig. 2A—The schematic arrangement of an on-center three-bar linkage driving 
the valve stem of a slide or poppet valve. The total rotational input motion here 
is 180°. The resulting translational motion \ is given by the expression: Actuator travel~"% 
Fig. 3—Graphical analysis of the dis- 


placement, velocity, and acceleration of 
The curves show the graphical solution of the equation for various values of 


points on a four-bar linkage is possible 
Variations in link length shift the curve as desired 


using these curves. These curves indicate 
Additional motions can be obtained from the three-bar linkage by placing the that changes in the fixed link length 
(actuator center of rotation to valve- 
stem center of rotation) have little effect 
on the actuator-to-valve-stem travel ratio 


point about which the actuator rotates above or below the valve stem sliding center 
line. Fig. 2B shows the resulting characteristics at n—2. Off-center actuation permits 
a choice of quick-opening or slow-opening valve characteristics, 
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HYDRAULIC AND PNEUMATIC EQUIPMENT a 


SELECTING 
CORRECT LINKAGE 





Fig. 4—Flow characteristics for a poppet 
valve with a three-bar linkage between 
the valve stem and the actuator. Here, 

equals 2. In one case the actuator is 


on-center, in the other it is off-center. 





fig. 5—Flow characteristics tor a slide 
valve with a three bar linkage between 
the valve stem and actuator. Again the 
valve can be modified over a wide range 


of values for both actuator position 


TORQUES REQUIRED 
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butterfly valve rp 
vaive gione ~ 4 oystem 
~ ft resistance 


valve + actuator, R=cly,- 
+ Kf 

i 

/ 


R=4 
buffertiy vaive wa 
ve alone 4” Y 


[A 
4 


90 =butterfly valves with the four-bar linkage and several 


30° butterfly valve 
for the 30 butterfly valve alone. This drastic change in 


of flow characteristics obtainable from 30° and 


Fig. 6—Wide variety 
At 0.lp, adding the four-bar linkage to the 


different R to L ratios. 
that is fairly linear compared with the highly non-linear characteristic 
the overall flow characteristics illustrates the variations and improvements that can be obtained by adding an appropriate linkage 


vields a flow vs. actuator characteristic 





Fig. 7—Desired flow characteristics (\) Fig. 8—Inherent valve characteristic ()) 


equals the product of the inherent valve for translatory motion of the valve’s 


Driven » 
characteristics ()) Fig. 8. and the three stem travel and for the flow characteris 


mek 


a r 4 8 . 
eo — ra “x g_ — Lanter of bar linkage characteristics 
4— X— rotation 


tics (1) of Fig 


stem 


Xmax* C v 
Assume) max: 180° LD pinot mers y 
D=2 sina: $ = 
Three-bar linkage 
motion 
oes 


fn 
n 
n 


=2 
=3 
=10 


445 <+-—-—- 
2 4 
» 








Actuator trave 


Fig. %9—Three-bar linkage motion 
10 for XY and ) table values. 


where Fig. 10—Amplification of applied torque at valve stem. 


Js 
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Steady-state axial 
flow forces on 
pneumatic spool-type 
control valves 


SUN-YING-FENG, R 


Momentum theory is used to determine the steady-state axial-flow 
forces on a pneumatic control-valve spool. Experimental results compare 
favorably with theoretical calculations for valve displacements of 0.005 
in. and less at supply pressures not exceeding 500 psig. Pneumatic flow 
forces as compared with hydraulic flow forces on the same valve spool 


are higher in the unchoked flow regime | — 0.528 } but lower 


up 
in the choked-flow regime | P — 0.528 ). 


Nomenclature 


ANALYSIS 
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“ 


Fig. 1—Conventional spool valve with flow pattern. Discharg ig. 2—Functional resemblance between a pneumatic spool 


from chamber is at angk with valve displaced AX alve and a convergent-divergent nozzle with a reservoir 


EXPERIMENTAL RESULTS 


Discharge Coefficient: \ 


INSTRUMENTATION 


bis ) Discharge coethcient of weight 
rate of flow versus pressure ratio for a 
pneumatic spool valve. Values Jifler ap 
preciably from published cxperimental 
results big. 4—Test setup. 100 psig or 250 and 500 psig nitrogen is supplied. 
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Fig. 5—Avxial-flow force versus pressure ratio for a pneumatic big. 6—Avxial-flow force versus pressure ratio { 


spool valve at a supply pressure of 100 psig (air). Spool valve at a supply pressure of 250 psi 


Flow Forces: | 


Fig. 7—Axial-flow force versus pressure ratio Fig. 8—Comparison between pneu 


for a spool valve at 500 psig (nitrogen) draulic flow forces on same valve 
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Selection and application 
of heavy-duty air compressors 


R. SCHAEFER 


Selection of a compressor requires complete understanding of its 
applications. If full economical plant potential is to be realized, both 
manufacturer and purchaser should be fully aware of its end use 


operating and installation characteristics. 


DISCHARGE 
TEMPERATURES 


CAPACITY 


T} 


SINGLE OR MULTI-STAGE 





> 
Approximate bhp required per 100 ctm free ; ig. 2 


DRIVES 


LOCATION 


NUMBER OF UNITS 


CAPACITY CONTROL 


Discharge 


temperature 


and 


volumetric 


ethctencs 
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TYPE OF COMPRESSOR 


lable I—Estimated water and power costs for single and two stage 


compressors 


FOUNDATIONS 


AUXILIARY EQUIPMENT 


lable Il—Representative cooling water costs for single and two stage 


¢ ompressors 
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Trouble shooting 


fluid circuits 


Here is a checklist and chart covering the principles—pr« 
ventive and trouble-shooting — that will keep hydraulic 
equipment working properly. Write such how-to tips in as 


part of the original design. 


WHEN REPAIRS 
ARE NEEDED 


lotal malfunction 


ELIMINATE NEED 
FOR REPAIRS 


— M °| Se ptember 
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Noisy pump f { (Cylinder creep during idling 


Hunt fe ' ° A 


“Olenoid failures 
Noisy relief valve 


© Foaming oil 


Dirty oil 


e | 


Valve fails to operate Moisture in oil 


! 
e | 


M 
D 


Keep system foolproof 


hk 


Sluggish operation, loss of speed 


e \ 


Pressure failure at end of work stroke 


> 4 


Erratic feed 


ring — Design Digest Issue 
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Trouble Shooting lips for Hydraulic System Difficulties 


CAUSI 


Product Engineerinc 
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AMERICAN flexible HOSE, TUBING and FITTINGS 


AN 
ANACONDA 
PRODUCT 


American flexible connectors are on the job every- spaces. Product literature is available on every 
where carrying liquids, gases, and semi-solids at American product and American engineers stand 
various temperatures and pressures in conditions of ready to help you. A few of the basic types are 


vibration, misalignment, movement, and cramped shown here 


ENGINEERED 
FOR DIFFICULT 

JOBS FLEXPIPE 
MISALIGNMENT Takes up travel in piping 


3 sizes ompliete 


TANK CAR UNLOADING HOSE 


Asbestos ¢ ked g zed steel. Als 3s 


VIBRATION 


MOVEMENT 
VIBRATION ELIMINATOR 


Jestr 





CRAMPED SPACES 


sf il 


SPECIAL LITERATURE 
ENGINE EXHAUST ON REQUEST 


tf ana r intoke hose. Stee 


grin 


ze ) h yh . [ 
zes: 2 thr 3 For omplete Engineering Catalog 


or product literature, write or cal 
ENGINEERING SERVICE Write to us on your con 
1ddress be 
nector problems. Engineering advice and help without ad _— 


obligation 
Send sketch if possible 


THE AMERICAN BRASS COMPANY FACTORY DISTRIBUTORS IN 


PRINCIPAL CITIES 
AMERICAN METAL HOSE DIVISION IN CANADA: ANACONDA 


WATERBURY 20, CONNECTICUT AMERICAN BRASS LTD. 
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yours 


/when you specify 


Hanna cylinders 





and valves 


QUALITY* ECONOMY 


Your specifications are 
design because you get the fe 
and service. In addit 
modern cylind 


Hanna 


operate 

The service offered by 
resentatives in the United § ites i 
can’t be beat. Hanna Cylinders and 
factory and at many tat 
“needed now” problems 
“built to order’ 





HANNA POWRDRAULIC 
HYDRAULIC CYLINDERS 


2000 and 3000 psi non shock. 112” through 8” bores 


FEATURING—Pressure Tightening Tube Seals @ One Piece Steel 
Heods with Welded Mountings @ Double Seal Piston Rings 
@ Fast Change Cartridge Gland @ Lubricated Bearing 


Write for Catalog 900 


Hanna Engineering Works PN 


HYDRAULIC 2 pueumaric EQUIPMENT * CYLINDERS - VALVES. (( #) )} 


—_ 
1765 ELSTON AVENUE e CHICAGO, ILLINOIS — 

















FOR HYDRAULIC OR AIR 


H ( 








SNAP-TITE HI-FLOW COUPLING . | 








' 
FOR AIR AND FLUIDS UP TO 150 p.s.i. - 
Hi-! \ recommended to connect small air - Bonded 
' pat. p 
. ' 
' oar 
; , ‘ Exclu l 
' 
' 
' 




















SNAP-TITE NO-SPILL COUPLING . 


' 
FOR AIRCRAFT, MISSILE HYDRAULIC, FUEL SYSTEMS 2 


tand a nes, and for 





SNAP-TITE “‘E” COUPLING.... 








' 
' 
FOR VACUUM SYSTEMS IN THE MICRON RANGE i N le Is in cot by 
i 1, ess t} D ¢ ek 
| rn ra “ : 
1. eee ol packer i ght m- 
Ry lea i ' pressin e | dy ‘ 
g ) } nr woe cS : 
U.] LP ¢ ' ; . 
Bu ) ) ; higl - pre | | 
: Su ind \v 
‘ 
' 
i 
S, it vali nd SNAP-TITE COUPLINGS 
e or do it-« Couplings normally fur- CAN HANDLE ALMOST 
nished in teel, but except hi-flow) are also availabk ANYTHING THAT FLOWS 
iluminum, or stain teel with a variety of finishes 
SNAP-TITE, INC., UNION CITY, PA, 
J20 — cincie 493 reAvER seRvice caRD Product Engineering — Design Digest | 
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OYNO Pumps Oceans 


(Pebbles and all) for 


RCA WHIRLPOOL 


Washer-Dryer 








fa 
A 
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@aeV SIRE SFP REAVER SLATER CLARY FRVUMULT LNQINCOIT Q —— Vesigqn WIgest 
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NO ONE FILTER MEETS ALL DESIGN NEEDS 


ONLY 







s 


MICRO-KLEAN — DISPOSABLE FIBER 
CARTRIDGES 


THE NEW CELLULOSE CARTRIDGE — 5-micron filtration. Ideal for 
liquid food processing and wherever CLARITY, PURITY and 
freedom from any filter-imparted TASTE are essential 

WOOL CARTRIDGE — 10 to 70 micron filtration for general ap 


plications 






Both cartridge types offer unusual advantages in low-cost, high 
flow rates, compactness and simple maintenance. Exclusive 
Graded Density” doubles dirt-holding capacity, cuts replace 


MICRO-KLEAN ment costs in half! Flow rates to 2000 gpm 


AUTO-KLEAN and SUPER AUTO-KLEAN 
METAL EDGE-TYPE 


These continuously cleanable, all-metal, edge-type filters com 
bine small size, high flow rates, low pressure drop. Filtration 
from .062” down to 40 microns with positive removal of all 
particles larger than nominal size. Flow rates to 4000 gpm 


FLO-KLEAN — WIRE WOUND 


Handle very high volumes of relatively low-viscosity liquids 
Operation, including sludge-removal, is completely automati« 


AUTO-KLEAN and Motor-driven back-washing system cleans cartridge continu 
SUPER AUTO-KLEAN ously without loss of liquid. Spacings from .0025” to .030”. Flow 


rates to 20,000 gpm with single units 





j 





MICRO-SCREEN 


\> 


Write for free product literature .«< .on any of the above Cuno Filters. 


AT) (sp CUNO ENGINEERING CORPORATION 


16010 SOUTH VINE STREET, MERIDEN, CONNECTICUT 
Telephone: BEverly 7-5541 


Filtration Engineers in Principal Cities 


PORO-KLEAN — POROUS STAINLESS STEEL 


Standard cartridges and special forms sintered or fabricated to 
meet individual specifications. Combine extreme heat and cor 
rosion resistance with high tensile strength and filtration down 
to 5 microns. Used on applications with differential pressures 
as high as 2100 psi and temperatures up to 1200°I 


MICRO-SCREEN — METAL SCREEN MESH 


Cartridges are bronze, carbon steel, stainless steel or nickel 
mesh. Provide the same properties of high heat and corrosion 
resistance, high tensile strength, and freedom from media 
migration as Poro-Klean Filters, but specified where higher 
flow rates and coarser filtration are required 





FLO-KLEAN 





SPECIAL FILTERS. . . can be engineered and produced to meet 

almost any requirements or specifications 

PLU A COMPLETE ENGINEERING SERVICE 
The Cuno Field Engineer in your area can help 

you select the right filter type and model to solve your 

problems. 
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\. 


When you discuss solenoid valve requirements with an 
ASCO engineer. you benefit from the design and de 
elopment experience ol half a century. The ASCO 
pecialist can recommend the right valve for 
needs because ASCO pioneerins 


thie 


your 
has brought about 
thousands of types of solenoid valves now available 


I wo-way valves in pipe sizes trom to 6 10 


temperatures from -350°F to 600°1 


lor pressure to 
"ee p a | 


Three-way valves in pipe sizes from te 


for temperatures from -350°F to 600°T for p! 
to LOOO p-s. 


essure 


Four-way valves in pipe sizes from '4” to | tor 


temperatures from -65 F to 212° for pressures to 


1) pis. poppet or slide type 
And ASCO can 


supply you with standard explosion 


Automatic 


4-H Hanover Road Florham Park, New 


AUTOMATIC TRANSFER SWITCHES SOLENOID VALVES 


ASCO) ex 


AND © 4-WAY SOLEN 


i} 


New! ¢ atalog No. 202 ex 
of Solenoid Valves. Write 


Whatever the 


applications 


SWI 


rate—there is 


I 


ELECTROMAGNETIC 


‘ 
re 


an 


[ch CO. 


‘ 
Hin} 


Immediate 


rucial tactor 


liability. compactness, high evel 


ASCO valve 


CONTROL 





svers the ASCO) lime 


ior your copy today 


Delivers 


in vour flow cont: 


ny 


that meets your need 


ASVO. 
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MARVEL sjnclical FILTERS 


For Hydraulic Oils, Fire-Resistant Fluids, 
Coolants, Lubricants and Water 


tallation on all hydrau and oth w pressure circulating sys 


mb i th ” 
ughly 


tt wit 


Choice of OVER 850 O. E. M.'s as Standard Equipment 
MEET J. I. C. STANDARDS 


SUMP TYPE 


SUMP TYPE ENGINEERING DATA 


Joe | | ee | 


os 


oe 


>r> Pr Pe oO 


4 


SUMP TYPE DIMENSIONAL CHART 


Sump Type 
Cutaway 


LINE TYPE 


LINE TYPE ENGINEERING DATA (#+) 


T 


Pipe PM Mesh 


Line Type 
(Cutaway 


LINE TYPE DIMENSIONAL CHART (44) 


Model A 





PARTS LIST 
’ M ; 
9 


1") 


F 
) 


2 
3. Met 
a 


**) 75 and 100 G.P.M. capacity Line Type Filters also available. See catalogs for Dimen 
sional Charts and Engineering Data 


Containing Complete Data Available on Regu 


SSS 


Catalog £108—For Hydraulic Oils—Coolants—Lubricants 
Catalog £200—For Fire-Resistant Hydraulic Fluids (Aqueous Base 
Catalog +400—For Fire-Resistant Hydraulic Fluids (Synthetic 
Catalog £301—For Water 


MARVEL ENGINEERING COMPANY 


7227 N. Hamlin Ave. Chicago 45, Ill. Phone: JUniper 8-6023 
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HYDRAULIC 
CYLINDERS 


PRET 6 St SR he ee es - d ss 
) “a2 
baal’ 


TEFLON is impery 
fire-resistant and s] 
LOO°F. to pl is 450 
SHEF SEAL SEALS ON SEALS ON 
AT TUBING ENDS PISTON ROD AND BALL CHECK AND 
BUSHING ADJUSTING SCREW 


Teti I 1 Hang ea ‘ 


Request Bulletin JH-104N for complete oo oo 
data plus helpful charts on column 

strength, cylinder forces, factors of 
safety, acceleration, pipe pressure 
losses, etc 


ly. Is 
Shear-proof 
Heat-proof 
Extrusion-proof 
Fluid-proof 


Provide fi olproof protectior 


ge. The Miller 
practi illy cor plete 
wrench-d1 
the « ise-] 





Model “3” F d 


POWER-PACKED 
Model “H 


PRICE SAVINGS 
OF 27% OR MORE! 
50% More Power 
Per Cylinder 
Dollar! 


19 mounting styles 
oll strokes, cushion 
ed and non-cushion- 
ed. Large selection 
for immediate ship- 


ment. 








| KGa sutar proor 


s 
| HEAT PROOF E 
BE A Solid Steel Heads, Caps 


EXTRUSION PROOF 
Ga riviv proor L and Mountings. 2202-04 N. Hawthorne Ave., Melrose Park, Illinois 
Precision-Honed Barrels. 


T ixed 
L Pi ion Perna Resagient | 1 Rust-Resistant Coating on 


Hydraulic Cylinder : . 
Tubing End Seai All Non Wearing Surfaces. 
Space-Saving “Square” Design. 


yo 


OTHER MILLER QUALITY FEATURES 





ST HYDRAULIC AND PNEUMATIC EQUIPMENT 


NEW 


TEMPERATURE 


HIGHS 


WITH 


“VITON+ 


COMPOUNDS 

















IPC... 

HAS THE LATEST 
ANSWER TO THE 
HEAT PROBLEM 


If your oil seals, O-Rings and pack- 


ings are failing under unusuall 


temperature conditions y 


INTERNATIONAL 
PACKINGS CORPORATION 
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yu 


Designed especially 
for 2000-3000 psi industrial service... 


* Maximum torque at ‘“‘stall’’ 
* Design proven in oil, gas, elevator and 
lumber industries 
* Competitively priced Shemnatin: 
* Will carry overhung chain or belt loads io te ante of 


* Flange or foot mounted Berry Rotary 
* Instantly reversible CHARACTERISTICS 
* Smooth, constant torque at all speeds Models A-12 and A-12B 
= vn ag S - re 
for complete information and data on suitability rive Shaft Speed—-Mas 
for your application. 


Operated as a Motor 


A DIVISION OF OLIVER TYRONE CORPORATION 
ROOM OLIVER BUILDING, PITTSBURGH 22, PA 
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New Design Versatility 


with ROTAC 


Compact, powerful Rotac Torque Actuators 
have a wide range of applications 


ROTAC Rotary Torque Actuators consist of a 
cylindrical chamber containing a stationary barrier 
ér shoe, and a central shaft with a fixed vane. With 
fluid or pneumatic pressure applied to either side 
of the vane, rotary movement in the opposite direc- 
tion is obtained; power can be doubled by using 
double-vane shafts. One moving part insures long 
life and low maintenance. 

Rotac Actuators can be mounted vertically, 
horizontally or at any angle, with the housing held 
stationary or with the body rotating around the shaft. 

Wherever you need motion—powerful, easily 
controlled rotary action in compact form—Rotac 
Actuators simplify design and provide unlimited 
possibilities for use in various applications. 


Contains everything you'll want to know about 
ROTAC—How it works « Control « Typical applica- 
tions and special uses « Installation details » Dimen- MOBILE EQUIPMENT—A compact ROTAC Torque 
sions * Torque ratings « Helpful ideas for using Actuator swings this truck-mounted cran n 
ROTAC Actuators in your operations. 280° travel arc; it's controlled throug 


MACHINE TOOLS— Automation ma- FOUNDRY MACHINERY—Ex-Cell-O PAPER MACHINERY —This colle 
hine for boring and grooving piston Model HN-66-1V ROTAC Actuator: roll is actuated by a standard mode! 


holes uses ROTAC Torque upply the motive power for turnover of ROTAC Actuator which unloads m 


itor for positioning the orienting the ore-box on this semi-automat terial after a sl tting operatio 


shell core blower performed 


NEY pI 
a a £ CELL-( c Lt 
£ C TOOLS * GRINDING AND BORING SPINDLES 


CORPORATION § CUTTING TOOLS * RAILROAD PINS AND BUSHING 


JIG BUSHINGS 
CRAFT AND MISCELLANEOUS PRODUCTION PART 


98 GREENVILLE PLANT, GREENVILLE, OHIO ORQUE ACTUATORS © DAIRY EQUIPMENT 
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Yaw NOPAK 


delivers PLUS VALUES in Air Powe 


NOPAK Air Cylinders, long known for their dependability and economy, 
now can be applied to even greater advantage with the new Nopak-mati 
pilot operated air control valves. Full flow design and dependable 
performance make NOPAK Cylinders and Nopak-matic control 
valves the perfect “team” for “in plant” or O.E.M. application 
They deliver Plus Meron s that you can isure in term 


speed, ughner I en ier maintenance, a wider 





and versatility. 
e NOPAK 
Class 1 and 2 
Cylinders are 
available in 7 
standard mountin 
bore sizes from | 
with a choice of 
self-regulating or a 
cushioned heads or 


@ Nopak-ma 
Poppet type 

are available 

and 34” pipe 
3-Way norm 
normally close 
4-Way operat 
(air), single or d 
control heads 
valves available 
with choice of sid 
ported sub-plates 
to 150 psi 


Catalog 101-A and Catalog 105 provide 
complete descriptive and engineering data. 


Other NOPAK Products for your Fluid Power Needs 


® CLASS 3 CYLINDERS- 

ee = Com} eel plate ; NOPAK 2- 3- AND 4-WAY HAND VALVES ar: 
ea and 1e- Te onst t i . o nele or ble las 7 
steel tut 

or non u 

standard 


NOPAK 2- 3- AND 4-WAY FOOT VALVES ul 
) 4 } 


of NOI 


@ CLASS 4 CYLINDERS 
Hydraulic — Heavy 
ing with lock-ring f{ 
For hydrauli ) 
pressures to 5000 | 
ioned or non-cus! 


able in 5 standar« 


Write for Catalog SW-3 


© CLASS M CYLINDERS (Mil! Type VALVE 
Welded flange constr tion _ 
honed steel tubir eliminates tie cyi s FY 
Recommended i ull types of Hea VY 


) é 9 hydraulic pressu to 
lg p ewe jing upor n GALLANO-HENNING NOPAK DIVISION © 2770 South 31st St. * Milwaukee 46, Wis 


A7-.418.1P 
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WH 2%. SWIVEL JOINTS 








‘ 
} ( | ) 
- , 
As the ' 
( n is pl | STYLE 20 i V STYLE 30 ngle swiv STYLE 40 ; STYLE 50 
() 
f 
| 
STYLE 60 —T STYLE 70 — Ty wive STYLE 10-1 , STYLE 80 
{ + ’ +> - ‘ rete 
( 


x o 
oe WHEN TO USE LHUKSAN BALL-BEARING SWIVEL JOINTS 


ITEM Pressure Flexibility | Take Tight Safet A F 





DISCPAK SWIVEL JOINTS 


! 


Bil> ¢ 


= « 


4, = 64" 
~~ 7 S 4 l 





CHIKSAN COMPANY — BREA, CALIFORNIA « CHICAGO LLINOIS * NEWARK 2, NEW JER 
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HIGH PRESSURE ASSEMBLIES 


for 


INs1 ANT response means extra POWER. 
Ratio” 


oft your equipment may mean an extra bucket 


Improving the ‘“Power-Performance 


per minute, extra tons per hour, extra loads 


per day. 


With the increasing emphasis on POWER, 
it pays to safeguard the most important link 
in your hydraulic system with Eastman High 


Pressure Hose and Tube Assemblies. 


Eastman Coupling Design gives you maxi- 
mum orifice, consistent with essential safety 


and strength, to provide “trigger-response” 
through unrestricted flow from pump to point 


of work—plus prompt return. 


BENT TUBING TO YOUR SPECIFICATIONS 


Eastman’s modern, hydraulically-controlled 
tube bending equipment provides bent tubing 
specifications—made with 


to your precise 


flared or beaded ends for your required fit- 
tings. Quality workmanship assures satisfac- 
tory performance. Mass production economies 


assure competitive quotanons. 


For positive power delivery and efficiency 
throughout your hydraulic system—plus ap- 
pearance and sales appeal—it pays to specify 


Tube As- 


semblies tor your original equipment. 


first On the fil 


MANUFACTURING COMPANY 


Eastman High Pressure Hose and 


PERMANENTLY ATTACHED MALE (NPTF) 


PERMANENTLY ATTACHED SWIVEL FEMALE 


PERMANENTLY ATTACHED 
FLANGE HEAD COUPLINGS 


INTER-LOCK® CLAMP COUPLINGS 


2-PIECE REUSABLE SWIVEL FEMALE 


WRITE FOR HIGH PRESSURE CATALOG! 


Get on our mailing list to receive 


out latest 


Catalogs and Special Inserts, 


Technical Bulletins, 



































America’s most popular OEM Cou- 
pling for 1, 2, and 3 wire braid rub- 
ber cover hose, and 4 spiral wire 
extra high pressure hose. 

Sizes: %" thru 3” 

Working Pressure: 375-5000 p.s.i, 


Eastman permanently attached cou- 
plings give you a bond stronger than 
the hose itself! For 1, 2 and 3 wire 
braid rubber cover hose. 

Sizes: %¢" thru 2”. 

Working Pressure: 375-5000 p.s.i, 


A no-thread, no-leak “O”’ ring con- 
nection, with split flange and insert 
available in angles from 0°-90°, for 
] and 2 wire braid rubber cover hose, 
Sizes: 4" thru 2”. 

Working Pressure: 375-5000 p.s.i. 


Exclusive Combination: Clamp-type 
coupling with “Inter-Lock” feature 
and blowout-proof split flange for 
l and 2 wire braid rubber cover hose. 
Sizes: 4’ thru 2”. 

Working Pressure: 375-5000 p.s.i, 


Increase serviceability of your orig- 
inal equipment with Eastman Re- 
usable Couplings—for rubber and 
cotton cover hose 

Sizes: %e"" thru 1%" 

Working Pressure: 375-5000 p.s.i, 
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AIR-CONTROL 
CYLINDERS 
and VALVES 


2-Way 
3-Way 
4-Way 


CAM 
* 


FLOW 
. 


FOOT 
. 


HAND 
. 


INTERLOCK 
° 


PILOT 
- 


SEQUENCE 


Del 84, fell») 


e 
TIME DELAY 


Airmatic Cylinders and Valves are 
doing more and more to guarant 
the most dependable Automatic 

Easy to operate, yet compactly desigt 


ed, they have the inherent ruggedness _ catio 


») necessary for grueling operating few of 


cycles. Available from stock, they Airm 


issure minimum maintenance and seiec 


lowest service cost. And an Airmatic 


s near as the telephone 


to help in the selection of the right 
valve or cylinder for the specific appli- 
10Wwn On this page are just a 


hundreds of standard 


units available for your 





2-Way | 2-Way 
Pilot Direct 
Operated Solenoid 
<2 “%".2 
= 


2-Way 
Cam 
Controlled 
er 





3-Way 
Direct 
Solenoid 


Ya" . 1" 





3-Way 


Sequence 


3-Way 
Solenoid 
Pilot 


1 
4 


Time-Delay 


VAu Ad 
a na ‘4 


3-Way 3-Way 

Pilot < Cam 

Operated . Controlled 

aii 1" ue” . Be 
|= 











4-WAY MASTER VALVES 


a 


PILOT CAM SOLENOID 


Base mounted with integral flow controls. 
Standard pipe sizes: Ya", ¥e", 'a”, Ve 





AIRMATIC MALVE, Inc. 


¢% 


Pressure 
Regulator 


Pipeline 
Strainer 





VALVES 


uscame | ASK 
Ed) FOR 


mom see 


CATALOG 


All valve deliveries 
are made from stock. 


AIRMartic VALUE, In: 
\ Ve l7 


7317 —— AVE. CLEVELAND 9, OHIO 
Phone: WOodbine 1-5320 
WESTERN UNION: Airmatic Valve, Inc., FAX, Cleveland, Ohio 





532 CIRCLE 505 READER SERVICE CARD ring — Design Digest Issue 











—_ 
I29 Hydraulic 


Pump and Motor 


Combinations 


brand new bulletin ready! . 


Gives full performance dat 
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Catalogs 
and 
Bulletins 


LAA ) Seal and lo obtain copies of literature 


} Grip are ; i de scribed below, circle corre- 
Not 


Separate sponding number on reader 





0-RING 





at service card 
Necessary Held By a 
to Cut Friction 
= ; -1) 
Tube Square ww Grip of 
approveo These Two 


Hydraulic Pumps and Fluid 
»tors Catalog 111 + pp. De 
> 


bes pumps and motors and give 


ynstruction, performance curves 
nN puMp-motor combinations 
luplex or tandem models and geared 


low dividers. Dept PR., Tuthill Pump 


19 


(V-2) Bronze Positive Displacement 
Pumps—Catalog section 109, 4 


Describe »o| pump mode 


-3) O-Ring Sizes—Booklet 
PIPE FITTINGS eek aaa . 


rn ' mb 


A complete line of connectors, 
elbows, crosses, tees, bushings, 
couplings, nipples and plugs... 
for every pipe need. 


ee 
ot =P 1 


HOSE FITTINGS ~ Tull range Of size , je “a (V-4) Hose Assemblies 
Perfectly matched hose assem- EK ind JOINER DEB ; t 28 pp. Revised 
blies...a full line of re-usable TTER TURE CUTT m 


fittings and hose lengths in low, 
medium and high pressure ranges 


AIR BLEEDER VALVES 


Compact, functional... only two t g list (V-5) Pumps—< 
metal parts ... no packings. Main- Representatives In ' , 
tain maximum operating efficiency : Principal Cities ves details 
by eliminating air from lines. [ 
3307 Klepinger Road 
DAYTON 1 + OHIO 


Phone: CRestview 7-9364 
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DESIGNED to add power to \ 


plans for a better-w 
elling product. In » 2.000 PSI, 
to 30 GPM workin 


vou fle 


THE HYDRAULIC VALVE THAT HAS 


everything! 


Three-way, four-way 
taneous operation - 
sired 


Lift checks in every wor 
accidental load drop 


J.A.C. straight thread or N.P.T.F. pipe th 
ports optional to allow plumbir 
present system 


Anti-cavitation checks opt 


Cartridge type pilot operated 
tional for every work 
circuit protection 

Unidirectional orifice plates 
work port using ” ] 
— Cartridge type 
WRITE ( phone 
our Sales Departme ' corporated 
MO 2 Port plate and 
left hand 
Available with 


inlet in port plate 


Available with end pia 





INDUSTRIAL PRODUCTS DIVISION Tr SON, KANSAS 


Product Engineering — Mid-September, 1958 CIRCLE 508 READER SERVICE CARD J35 





rz HYDRAULIC AND PNEUMATIC EQUIPMENT 
. s and Bulletins 


(V-6) Couplings—Catalo; Boost production 
ALL-POSITION Describes and illustrates couy cut fatigue with 


| CHECK VALVE Gee snes sine ist ves Westinghouse 
: Air Circuitry* 





(V-7) Hydraulic Cylinders—Bu 
IH iN, 3 t pecific imforn *Westinghouse Air Circuitry is t! 


For steam, hot 
or cold water, 
oil, gas and 
compounds 


“H’’ CONTROLAIR’ 
VALVES: 


3- and 4-way directional 
(V-8) Hydraulic Line Tubing ; valves—accurate pressure 
control in small increments 
; : : ‘ ra ‘ ‘ nd rovid —hand, foot, knob, or cam 

} La | ¢ = i de- 
Order from your jobber si pei ilitan wae “ 
. j were it . scniresc oil livery pressure: 60, 100 
STRATAFLO PRODUCTS, INC. > t psi—port sizes 4 ips— 


FORT WAYNE, INDIANA 
CIRCLE 509 READER SERVICE CARD 


maximum operating temp- 
erature: 200 F 


00000 000000000090 
wnseeeeseess . 


lie ey _o binrnan ( THREE-POSITION 


CYLINDERS: 

noncushioned—3 stroke 
positions —foot and swivel 
mounted—2 -6 in diam- 
eter—maximum operating 


pressure: 250 psi 


' MULTI-POSITION 
V-10) Solenoid Valves—Stock CYLINDERS: 
CYLINDERS, 


, ' sia ee noncushioned—4, 5, or 
ITE 
conan AIR VALVES, ; ro : ; stroke —small diameter 


NEXT AIR CLAMPS, me elite Maal wae ; | tough, corrosion-resistant 
TUESDAY DIAL FEED “heal a construction— maximum 


TABLES 





operating pressure: 250 psi 





(V-11) Couplings 
\ | pad ’ i 


THE A. K, ALLEN CO ( methods for omputtl aw | \ Mj k 
15 tut 2nd Stet, Mines, ath of hose assemblies, laboratory Westinghouse Air brake 
Name testing equipment, catalog number ex , ; 

Company aes om _ ¢ OM PA NY 

Address “i i I; © coree ndustrial Products Di 


WILMERDING me ) PENNSYLVANIA 
~/ 
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air circuitry: 
a new term of importance to design engineers. 


AW I ag isac 1 mediu N 


OUSE AIR BRAKE COMPANY 
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Bt rag”; « 


¥ slice? 


Anchor High, Medium and low Pressure 
Hose Assembies for Three, Two and One 
Wire Braid Hose, Two Rayon Braid Hose 
and Spiral Wire Suction Hose 





— ‘ | There is 
more than a decade 


od 3 - 
Wf + : : of Research and Development 
Anchor Adapter Unions, Pipe Fittings and behind these 


SAE Boss Type Adapters HYDRAU LIC 


Til HOSE ASSEMBLIES 
pan gone ay and FITTINGS! 


Medium and Low Pressure Hose 








1 


Here is a complete line, one of the mo 
prehensive available anywhere today 
couplings, hose assemblies and fittings 
need in the transmission of fluid power 


he Anchor products shown have been devel- 
oped and re-designed thru the past decade to 
keep abreast of the rapidly changing field of 
hydraulics, each style and size offering the most 
modern features with bonus value in a cation 
convenience and service life 


Anchor Flanco 4-Bolt, Split-Flange “ Catalogs are available for each product classi- 
Ring Couplings with Pressed On Couplings fication, each with a wealth of di iagrams, tables 
or Clamp Type Reusable Coupling and technical data that are available for your 





assistance in selecting just the hose assembly or 
coupling that is best for your particular applicatio 


Andy Anchor says: 


A general condensed cata 
of the entire Anchor Line i 
available. Ask for Catalog 5 


Anchor Clamp Type Couplings for high, 
medium and low pressure 





SA det tad a~ 
~~ ms ~ f - 


North Fourth Street, Liberty ‘ ville, Hinois 
Anchor LP.G. Hose Assemblies with ranch Offices: Dolla) Tea) Plymouth, Mich. 
Pressed On or Reusable Couplings ae, 





yy 


dems? 


Anchor Automotive Hose Assemblies; 
Freon Hose Assemblies and Power Steering 
Hose Assemblies 
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the ultimate in hydraulic cylinder design 


LOGANSPORT MACHINE CO 
812 CENTER AVENUE, LOGANSP( 


PLEASE SEND COPY OF CATALOG 


‘a eteanm ay Wri 
i =. LOGAN | 
=k. AM ABO MVORAN NC EQUIPMENT 
SAVES TIE EFFORT And MOTION 

LOGHOPOR! MMOWINE (0 LC 


4 OOANS FOR! “MOVAMA 


FREE seno FoR THE “LOGAN CALCULATOR 
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s and Bulletins continued 


(V-12) Hydraulic Pumps, Motors 
il bulletin, 2 pp. Describes 
nd motor 

unit Witl 


mounting 


(V-13) Medium Pressure Hose and 
Fittings—C atalos 8 pp. Assem 
ike-up in 
Shows reusable 
Includes 

( Parker Fit- 
Parker-Hannifin 
Ave., Cleveland 


(V-14) Speed Control Valve—Bulle 
‘ 7 Desc . 5 ' 


Quick-Connect Couplings 
6 pp Descr ws IUD 


WHAT’S YOUR CLAMPING PROBLEM? : 
-16) Solenoid alves—-B 


WITTEK In 
HAS THE ANSWER 
Here election from among tl 


Pressure Gages 


I 


Hydraulic Systems—B 
\ r j ‘ ; 


WITTEK MANUFACTURING COMPANY 


4338 West 24th Place . Chicago 23, Illinois 
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_7 Loouble sal, 


Get a custom-built hydraulic circuit without custom priced 
valves, by using Double A, the most extensive line available. 
Double A has the widest selection of standard-specification 
valves anywhere, with almost a third again as many from 
which to choose. They are made for pressures up to 5000 psi, 
and are supplied with sub-plate (J.I.C.) mountings, flanges, 
or threaded connections. If there’s a standard hydraulic 


valve made that fits your requirements, it’s more than 
operated 4-way valve likely marked “Double A’’. Write for the Double A catalog. 


Now, these famous hydraulic 


6€ROTOR 


Geroto ydraulic pumps easily claim superiority as the 
most rugge es most efficient, most dependable pumps avail 
ible. They last longer, especially with low-lubricity, non 
flammable fluids. This is because of their unique Gerotor 
mechanism. Both Gerotor elements revolve in the same 
direction, at low relative speed (only one revolution at point 
of contact for every seven to nine shaft revolutions 


Delivery from .42 to 43 gpm, pressures to 2000 psi 


valves, pumps & power units 


Brown & Sharpe 


Br 


mact 


and hy 

years 

Double 
completely pre 
about specifying 


we ponents. Just 


that delivers what you require 


select 


all come 


Hydraulic equipment buyers everywhere For precision | 
1) } 


will benefit from the exciting changes at 
Double A. Now a subsidiary of Brown & 
Sharpe, world renowned for the manufac 
ture of precision machines and tools, Double 
A is alia ing Gerotor pumps and motors, 


ind a new line of standard hydraulic power 


waits, a5 well us the familiar Double A A SUBSIDIARY OF Brown & Sharpe MFG. CO. 


valves. For oO information, write 


y 


Double A Products Co., Manchester, Mich 
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Catalogs and Bulletins continued 


(V-19) Hydraulic and Air Cylinders 
Bulletins H-101 and A-101, 8 pp 
each. Tabulates developed forces and 
gives dimensional data. With schemat 
ics and dimensional drawings. In 
cludes accessory information. Lind 
berg Air & Hy aulic Div leer 
Wickwire & Co., 1839 Wildwood 
Ave.. Jackson, Mich 


(V-20) Valves—Bulletin B-2, 20 pp 
lilustrates valvy V 600, 1500 and 
2500-lb ASA rating Valves are 


other cor 


for every requirement 


SrRMNOTLER ee 
HOSE & FITTINGS oe 


IONS 
re ] retr ted 
iit llustr 11Cad 


¢ Fuel Lines @ Hydraulic Systems orp., 2100 Arch St., Ph 
e ° j 7 j 
LP-Gas Lines Air Brakes (V-22) Packless Valves for High Tem- 
® Lubrication Systems ® Water peratures—Bulleti: )-§ i pp. De 


© Coolants ® Refrigerants 


Made in a wide variety of 
sizes and types fon hundreds 
of commercial and industrial 


uses, Stratoflex detachable . ‘wii 
Ses. one ( ¢ (V-23) Automation ( ylinders 
and reusable fittings sim- tin SS-58 


1 wr > j ' ‘rT fiery 
+ pp. Gives dimensions Ifo 


plify maintenance and models that comprise S-2 Series 
} 


lrawing Hydro 
tions under extreme tem- ne 9 ike 1. Rock 


OC? 


assure leak-proof connec- 


perature variations. Strato- 


flex hose provides the (V-24) Hydraulic Equipment 


flexibility, small bend radii log, about 64 pp. Describes 
and durability essential for 


dependable service 
S| yeciINncatior 
limensional 


For detailed information, write for 


industrial catalog 


 —— 





(V-25) Solenoid Valves 


One 
SALES OFFICES: 


Atlanta, Chicago, = — ee = 
Dayton, Detroit, purpo solenoid valve the 
Houston, Kansas 
City, Los Angeles cribes and illustrates all-p 
a tn rO n tant len 1 val Both 
OSI1O resiStal sorenold ive OU 
7, ©. Box 10398 « Fort Worth teres (/, ‘ on 


F include pe e curves and spe 
Branch Plants: Los Angeles. Fort Wayne ee Seattle, Toronto nclude performance curves and specs 
in Canada: Stratoflex of Canada. Inc Tulsa Valcor Engineering Corp 365 Car 


negie Ave., Kenilworth, N. J 
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SCHRA 
NEW AIR 
TO GIVE YOU 


ba 


HOSE REEL FOR AIR TOOL SUSPENSION 
—Saves duplicate equipment and mainte 
nance. Saves time on high speed production 
Spring tension counterbalances air tools. Pow 
erful spring automatically takes up tool 


PILOT OPERATED SUB-BASE 4-WAY 
VALVES — Sturdy cast meehanite sub-bose 
contains all ports for piping air. Permits re- 
moval of valve mechanism for serv 
Cistu 


ce without 


rbing piping. Complete new series! 


HYDRAULIC AND PNEUMATIC EQUIPMENT | wT 


DER ADDS MORE 
CONTROL PRODUCTS 
EVEN WIDER SELECTION 


G. & 
Sh - 


J 
o* 
a CFL} 

@, 


DOUBLE SOLENOID 4-WAY VALVES — 


Gg 4-way actio 


SUB-BASE SINGLE J ANS sous SOLE- 
NOID VARVES : 6 t , 


Now double solenc 
in full series ge-wise, port 
copacity 


Permits lenges 
position without co 


NEW! 3-WAY SOLENOID VALVES 
pn Suny ae on av a 
oge, po i 


pilot chamber head 


2- AND 3-WAY FOOT VALVES — wit! 


norme 


changes to 


SLIDING SEAL VALVES FOR PIPED 
EXHAUST — Complete series! 2, 3, 4-woy 
types Va" N.P.T. ports. Hand or mechanicol 
lever. Compact, minimum working parts 


eodvsonel S$COVILL 


Product Engineering — Mid-September, 


3-WAY vat = 
line, No 
Ideal “a single 


CHECK VALVES 
sturdy. May easily be 


Use the full Schrader line 
distri r can helt 

A. SCHRADER’S SON + C f 

470 Vanderbilt Avenve Brooklyn 38 N Y 


QUALITY AIR PRODUCTS 
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Catalogs ana Bulletins continued 


(V-26) Small Fluid Valves 
MV-957, 12 pp. Covers 
fluid contr 
series. With 
dimensional 
curves and 
acCCessol 


Hoke 1c 136 


It 
od, N. J 


es supplement tl 


Automatic Valves 


(V-28) Fittings for Hydraulic Hose 


4440, 8 pp. Des 


GAST © COMPRESSORS 
and VACUUM PUMPS 


(V¥-30) Manually-operated, 


Hydraulic Valves Sect 
Desc 


Four-way 


(V-31) Flexible Metal Hose—< 


(V¥-32) Hydraulic Equipment 


GAST MANUFACTURING CORP., P.0. Box !!7-W, Benton 1 ab 


SEE CATALOG 


IN SWEET'S PRODUCT DESIGN FILE & ASME. CATALOG 


AIR MOTORS TO 
COMPRESSORS TO 
VACUUM PUMPS 
“Air may be your answer!" 
LTS SB Se SSRN ITNT: 


a he wv 
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THE SUPERIOR Leakproof *O* 
CARTER DESIGN cous 


ond wall 


Ring 
between head 
1 Full | to | Meehanite 


rod bear- honed 


heavy wall tubing — 


P 
cartridge worwras 


ing 
6 to | safety factor 


Key type stainless 

Spring loaded *V"* 
pocking on rod end 
giend 


steel locking ring. 
Allows 360 rotation 
of ports 


Solve your FLUID POWER problems with lightweight, 


more compact, dependable fluid power components! 


. . . IMMEDIATE DELIVERY, TOO! 


COMPLETE DESIGN FILE 


All spec 
C 


arter Designer's Line 


highest quality 


CLAMP.-TYPE 
CYLINDERS 
A new low-cost. oll- 
steel, cil purpose 
cylinder. All the de 
pendobility of the 
stondord Corter line 


Bulletin CT-1000-B8 


500 F. “HIGH HEAT 
CYLINDERS 
For ovens, furnaces 
etc. Range 20 to 
500 F. Special high 
temperature pock- 
ings ond lubrication 
All sizes, strokes 
Bulletin HT -500 


750 LB. HYDRAULIC 
Stendord sizes | 

thru 8"; strokes to 
18 ft.; oll stondord 
mounts. Complete de- 
tails on ports.dimen- 
sions, ond specifico- 
tions. Bulletin 750-A 


| power componen 


AIR CYLINDERS 
Stondord sizes | 
thru8 ; strokelengths 
to 18 feet; all mount- 
ing styles. All essen- 
tial designing and or 
dering informeotion 


Bulletin 100-8 


t 


ye 


CARTRIDGE AiR 
VALVES 
Carter Cartridge air 
velve for mony op 
plicatiens. Operation 
with solenoids, lever 
or palm 
Bulletin 


1500 LB. HYDRAULIC 
Heavy duty hydrou 
lic unit. Pressures to 
1500 psi. Stendord 
sizes. 12° thre 8 

Strokes to 18 ft.Com 
plete specificotions 
Bulletin 1500-8 


fications and ordering information on the complete 
Everything you need for designing 
ts into your produc 


UNITIZED AIR 
CYLINDERS 
Corter unitized cyl- 
inder with built-in 
valve! Solenoid, air- 
lomit or remote pop- 
pet control. Bulletin 


125-A 


bf 


— 


350 1B. HYDRAULIC 
New low-cost cylin- 
der line for general 
use. All Carter super- 
sor design feotures 
1A" through 8 

Strokes to 18’. Bulle- 
tin 350 


ROTARY 
ACTUATORS 
Unlimited rotary mo- 
tions. Valve opera- 
tion, indexing, octu- 
ating of all kinds 
Powerful, rugged 
Drastically reduces 
cost. Bulletin RA-500 
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Carter’s Des 





CYLINDERS—VALVES—ROTARY ACTUATORS 


) 


SAVE 20% WITH ANNUAL ORDERS—' 
for buyers! Ord: tak 


ROTARY ACTUATORS! 


Pneuma slic wer . - 
ements 
rotot 17 ondord 
No interne 


tight seal at 2; 





5 p.s.i. breakou 
tories develo 
inch /pounds torgq 


Bulletin RA-50¢ 


CARTER CONTROLS, INC. 


2800 Bernice Road 7 
GRanite 4-3305 © Special CHICAGO LINE BAyport 1 


Lonsing, Illinois 
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TJ spacemaker cylinder 


Quality Engineered 


to give quality results 


You get more—much more—when you specify 
ind use any of T-]’s complete line of 
Spacemaker cylinders. The Spacemaker is 
engineered to give you better, more accurate, 
ind longer service—offers, exclusively, many 
extras that are STANDARD, 

AT NO EXTRA COST! 


Designed to eliminate tie-rods, providing 


greater strength Saves space reduc es 
manhours and costs in all push-pull-lift 
operations. IMMEDIATE SHIPMENT in a 
wide range of styles and capacities, with 
64,000 combinations. Write for Bulletin 

SM 155-3 with complete engineering details. 
Che Tomkins-Johnson Co., Jackson, Mich. 


Crs) TOMKINS-JOHNSON 


RIVITORS AIR AND HYDRAULIC CYLINDERS CUTTERS CLINCHORS 


JAG cance 421 READER SERVICE CARD 


with Extras... 
at No Extra Cost! 


METAL PISTON ROD SCRAPER 
... Standard at No Extra 
Cost! 


NEW “SUPER" CUSHION FOR 
AIR ... Standard at No Extra 
Cost! 


CHROME PLATED CYLINDER 
BORES AND PISTON RODS 
Standard at No Extra Cost! 


ONE PIECE PISTON : Stand- 
ard at No Extra Cost! 


Product Engineering — Design Digest Issue 


NEW “SELF-ALIGNING” MAS- 
TER CUSHION FOR HYDRAULIC 
USE .. . Standard at No Extra 
Cost! 


NO TIE-RODS TO STRETCH 
Standard at No Extra Cost! 


STREAMLINED DESIGN 
Pressure to 750 P t 


P.S.1. Standard at No Extr st! 


FORGED SOLID STEEL HEADS 
. Standard at No Extra Cost! 
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3 NEW TUTHILL 
close coupled pump 


and motor units 


Save space, Save weigh 


otor combinations Originally restr 
where space ol POWERMITI 


wide variety of smali quantit 


ms can provid at 350 PSI 


Available from Stock 
A wide variety of mbi I re 
lately Irom st 
I r exan pit 
POWERMITE 
orporated ir I mit ¥ mn tak I 


POWERMITE shown 


re space 


Tuthill Manufactures a Complete Line of Positive Dis- 
placement Rotary Pumps in Capacities From I to 200 
GPM; for Pressures to 1500 PSI; Speeds to 3600 RPM. 


963 East 95th Street, Chicago 19, Illinois 
PUMPS FOR 
YOUR PURPOSE 


September, 1958 CIRCLE 422 READER SERVICE 
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“UPRECISION _.. designed and built by 
HYDRAULIC HEIN-WERNER, the 


world’s largest manufacturers 


CONTROLS of Hydraulic Jacks. 


HEIN-WERNER Hydraulic 

Control Valves 

Compact, high precision, balanced design provides ex 
ceptionally smooth, cushioned directional control of 
hydraulic cylinders and motors. Operating range of the 
5 GPM Capacity Series is from 0 to 1500 PSI with 
factory-set pressure relief to by-pass oil at pressures 
above 1000 PSI. Other settings from 200 to 1500 PSI 
are available upon your request. 

Hardened and ground spools precision-fitted in high 
tensile Alloy bodies, plus cross sectional areas of inter- 
nal passages equivalent to 34” pipe maintain vibration- 
free optimum flow characteristics. 

Porting arrangements and lever actions provide a 

HEIN-WERNER high range of uses. Hein-Werner Valves may be ob- 


- ( \ Series) 
PUMP-MOTORS ((\/ tained for any combination of cylinder connection 
{ way and 3 way operation 


Double Spool and stack type valves are als 


features: 
Forced lubrication and internal bleeding for 
axial balance and to eliminate high pressures 
against oil seals 
Operates in either direction of rotation 
Heavy duty roller bearings 
Hardened gears and shafts 
Special high tensile alloy bodies 
Replaceable steel backed bronze wear plates 
Extreme range of speed without 
geared transmission 
Smooth, cushioned 
power application 
without vibration 
Can be stalled 
under load 
without damage 


GM_ Seri fit many 
raulic applications within their 
that Hein-Werner keeps : ing 1 
inventory of pump-motors and stone of Hein-Werner 
n hand. High pr a, drauli Assemblie 
ction runs for stock make thes Hein-Werner welcome 
controls available at verv moderate coR pPOoR arise “4 gineering to vour exactins 
prices. Hein-Werner also makes a tions Hein-Werner's 
wide variety of hydraulic cvlinders WAUKESHA 3, WISCONSIN I 
to customers’ specifications for OFM 
applications 


iandle the longest rur 
always efficient equipment 


runs as well 
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STANDARD BALL VALVE 


2” 150 Steel, Flanged 
with mating flanges 


Op 


ORIGINAL COST 
1. Carbon Stee! Valve, Teflon Seats 
and Seals (list) Cee | 
2 150% weld neck figes —— ! 
. 8 % x 3% studs & nuts ....... 2.00 
2 Series 15 Asbestos ring gaskets 10 


$92.69 


HYDRAULIC AND PNEUMATIC EQUIPMENT ra 


Here’s valve selection simplified 
with PROVABLE COST SAVINGS! 


WORCESTER 
ECON-O-"MISER”’ 
BALL VALVE 


_ 





a a 
| ae 


ORIGNAL COST 


Vay 





STANDARD GATE VALVE 


aye 

I] Ty 2” 150 Steel 
Flanged with 
mating flanges 


ORIGINAL COST 


eel Valve tandard 
weld neck figes 


de and nut 
an 





COST OF MANTENANCE 
1. Teflon Repair Kit 10.85 
2 Gaskets, minimum 10 
$10.95 


COST OF MAINTENANCE 


1. Repair Valve (309 
2.2 Gaskets 


COST OF MAINTENANCE 





COST OF INVENTORY* 


l. 1 Valve, minimum . 84.5 
2.2 Gaskets, minimum If 
$84.6 


D rora $188.29 





COST OF INVENTORY* 


$10.85 
D tora. $50.95 





l. 1 Valve, minimum 91.00 





COST OF INVENTORY 


‘ tec m ~ 
s 4 u 
2 Gaskets nimum 


$91.10 
> tora $217.64 





WORCESTER VALVE CO., INC. 


16 PARKER STREET e 
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For Precise SPEED and 
TIME DELAY CONTROL 


= OF AIR OR HYDRAULIC 
CYLINDERS 


— Proy-trol 
a" 


VALVES and 
TIME DELAY 
CONTROL SWITCHES 


Pneu-Trol Valves combine in 
a short, compact body, a ta- 
pered fine thread needle for 
extremely accurate air or oil 
flow control and a floating 
retro ball check, which 
permits full flow in the opposite 
direction. Retro ball floats in 
most sensitive position to seat, 
requiring only a slight differ- 
ential pressure to fully open 
or close it. Check valves and 
needle valves, incorporating 
Single function feature 

Flow Control Valve are also 





available. All valves made in 
5 female pipe sizes a" to %4”. 
Valve bodies made from brass, 
aluminum, steel or stainless 
steel 


eeeeeese 
a TIME DELAY 


eV" PN CONTROL SWITCH 
_ i 
a FOR PRECISE DELAY 


poee-trol devices, ine 


comace m.0.88 OF WORK CYCLE 


For Any Type Actuation 
Provide controlled adjustable Left or Right Hand 
time dwell of solenoid operated (Left Hand Shown) 
air or oil supply valves. Range Type lw 
between |, and 60 seconds in I ) Upthrust 
20 to 1 ratios. Compact 
simple—foolproof—rugged 
Easily mounted on machine - 
Available for various types ol M bee LH 
actuation. Typical diagram | ——a 

slow 


Type LR 
Roller 


: 


Type LD 
Downthrust 


Type 1B 
Direct 


Write for catalogs and complete details 


PNEU-TROL DEVICES, INC. 


2919 GRANT STREET ¢« BELLWOOD, ILLINOIS 
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LYNAIR AIR and 
HYDRAULIC CYLINDERS 


Pictured is the new Series-A AIR CYLINDER, an o itstanding 
addition to the popular Lynair line A complete range 
of sizes Cylinders meet JIC standards Airdraulic 


Cylinders for the action of hydraulic cylinders using o pressure 


Check These Lynair Advantages 


We engineer and manufacture Air 
and Hydraulic Cylinders for every 
application 


Cylinders meet J. |. C. Standards 
Airdraulic cylinders for controlling 
feed in both directions 

New design Piston Packing assures 
minimum of bypass on hydraulic 
cylinders 

Complete range of sizes, 1' 2 bore 
through 10° bore, standard 

Larger sizes on request 

A full range of Hydraulic Boosters 
Automatic air line boosters 


Delivery to Meet Your Requirements 


Write for Catalog 
LYNAIR | Cc 3100 £. MICHIGAN AVE. 
J n ® JACKSON, MICHIGAN 


CIRCLE 526 READER SERVICE CARD 


New Rotary Joint 
fo} mm, f-ti-ig Service 


o 


Self-Supporting 
Joint 


Smaller in Size, Weight and Price 
Fits close quarters, tough service conditions on printir 
presses, calender vaxer nbossers, Dall mills 
packing, no lubricé n ustment, r extern 
Nickel-plated to r t rus f on, wear. New 
cess makes seal rings harder, denser. Only 4 in 
for easy field serv } r high speed servic 
to 150 Ibs. Six sizes 8 and %" N.P.T. or 
N.F. Machine threads. Write for catalog information on new 4000 series 


- THE JOHNSON CORPORATION 


_ 813 Wood St., Three Rivers, Michiga 


CIRCLE 527 READER SERVICE CARD 








Regulator 


Pilot operated Check Valve 


Counter Balance Valve 
RIGHT FROM \e . 
THE START i aie 


— = 


Check Valve 
ee 


f eb Lock Valve 


Solenoid if O ——— 
\jo 


Valve 
ac &éo0c 


a’ 
7 i 


Velocity Fuse 


High Pressure f 
Filter aninnatie | 
i 
xv 
oe 8 


5h . 
ills f 

| } i 4 

9 ber 1 \ 


s our business. 








Controlling flow i 


ed in various types of applica- 


All of the above valves have been us 
Machine Tools. 


tions, including Material Handling. Road Building, 
Farm Equipment and Earthmoving. 


We invite you to send us your applications and ta 
our experience to help analyze your problems. 


ke advantage of 


Bulletins on any of these products sent on request 
Rate and Volume Controls to the Aircraft Industry 


Also suppliers of AN and MS qualified Flow 


WATERMAN =: 


ENGINEERING COMPANY 


725 CUSTER AV 
E 
NUE EVANSTON, ILLINOIS 24 


p 
Product 
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g — Mid-September, 1958 
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(i WV“ (COD) hh 


YOU GET 


EXACTLY 


WHAT YOU 
NEED fron 


CUSTOM MOLDING * CUSTOM COMPOUNDING 


If you’re looking for O-rings to perform 
under today’s greater temperature ranges, 
higher pressures, and other severe con- 
ditions, look to Goshen. Here custom com- 
pounding of natural, synthetic and silicone 
rubbers is performed by experts in de- 
veloping the exact combination of proper- 
ties required in your seal. GRC O-rings 
are available in a complete range of AN, 
MS, SAE and JIC standard sizes, plus 
many non-standard sizes and special 
hapes. We'll gladly work with you in 
adapting to your application the correct 


GRC O-ring. 


other, ull 0, ING. 


2098 S. TENTH ST 


CIRCLE 423 READER SERVICE CARD 


GOSHEN, INDIANA 


simple twist locks 
pone Henry Couplers 


a | ri t) eames 
NOW. .a oa detachable waa 


or permanent connection 


@ Twist sleeve to lock... reverse twist to unlock. 


@ Light, strong, semi-automatic ... for air, oil or grease lines. 


Use direct to reciprocating tools, 
ouplers need no lead hoses. § 

cially designed dogs (A) he 

41 of locking surface. Extr: 


will not disconnect in 


Easy to replace parts 
spring or washer with 
Front flange (1 n chror 
nates usual wear at f 


strength 150 Plug swivels free 


NEW FREE CATALOG...write today > 
Gives complete specifications for 
John Henry, Foster-Matic and Foster ball-type couplers. 


2850 Gravois ert. 18 St. Louis 18, Mo. 
CIRCLE 424 READER SERVICE CARD 








USE 
THE 
READERS 
SERVICE 


CARD 
on pages 18 & 19 


for: 
additional product 
information 


copies of catalogs 


& bulletins 
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HYDRAULIC AND PNEUMATIC EQUIPMENT | S| 
When your product requires 


the conveying of liquids, gases or granular solids... 


Specify Flexon Hose 


in rubber, synthetic or metal 


ce " 


Veiaeddi uu—” 


e Flexonics Corporation is your headquart 
tions. As manufacturers of the broade 

ind with over 56 years manufacturing 
. particularly well qualified to help yo 


* lems. Whenever you have a problem t! 


a 


nines \ Flexonics 





THE FIRST NAME IN 


MOTION CONTROL 1351 S. THIRD AVENUE + MAYWOOD, ILLINOIS 
» G-4) In Canada: Flexonics Corporation of Canada, Limited, Brampt tarie 
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EDITORIAL CONTENT for Design Digest Issue 


Section A General Engineering 


Industr t Preparation and Evaluation 


tor Engineering, Research 


Section B Metals and Alloys 


nperatur 
f Wrought 


Aluminum Alloy 


» PH 


Section C 
Nonmetallic Materials and Finishes 


MECHANICAL 
LEATHERS 


a ae 


EXCELSIOR 


CIRCLE 532 READER SERVICE CARD 


Glass-protected Steel 
Plastics Properties Chart 


Comparison of Phenolic and Polyester 
Premix Materials 


Considerations for Friction Materials 


Section D 
Fabrication and Production Processes 


Forming Titanium Extrusions 
Forming Plastic Sheet 

Pearlitic Malleable Castings 
Conductive and Resistive Coatings 
Dependability of Nickel Steels 
Ultrasonic Machining 


n Compression Forr 


Section E Power Transmission 
sear Failures Related to Lubricants 
Limited End Float Couplings for 

Motor Applications 
Calculation of Sheave Diameters for V-driv 
Knowing Center Distance 
Design of Belt and Wire Rope Driv 
Plast core Leather Belting 
Operating Principls 


* Spor 


LEATHER WASHER MFG. CO. 


ROCKFORD 


HLiinois 


Section F 
Mechanical Parts and Design Analysis 


Flange Design and Gasket Selection F2 
Design of Helical Springs for Minimum Values F4 


Plastic Piston Rings for Nonlubricated 
Applications 


Bearing Heat and Dissipation Charts 
Basic Principles of Mechanical Seals 


Fretting-fatigue Failure of Titanium-ste 
Steel-steel Joints 


Section G Fastening and Joining 


Mechanical Joining of Plastics 
Locking Ability of Hexagon Locknuts 
Sealant for Threaded Fasteners 
dering Aluminum—aA Simple Fluxles 
Techn qu 
Mechanical Methods of Joining Tubing 
Tentative Standards for Class 5 
Interference-fit Threads 


ASTM and SAE Grade Markings for St 


Section H Motors, Engines and Controls 


Rumble in Single-cylinder Engines H2 
Guide to Motor Application 
Calculate Gyrosc 
| Engine F 
A Standards 


Exhaust Sys 


Section | 
Electrical and Electronic Components 


Section J 
Hydraulic and Pneumatic Equipment 


nd Application of Heavy 


Air Compressors 


ub! Sh ting Fluid Circuit 
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